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and Nevin (1954) paper entitled Rapidly Progressive Cerebral 
Degeneration (Subacute Vascular Encephalopathy) with Mental Disorder, 
Focal Disturbances and Myoclonic Epilepsy reported cases disease 
characterized progressive mental deterioration, hemiplegia and 
myoclonic epilepsy. The patients were aged and respectively and 
the illness proved fatal three four months. The electroencephalogram 
the later stages the disease showed generalized and periodically 
recurring sharp wave complexes, pattern which, though not specific, 
was considered sufficiently distinctive helpful the diagnosis 
similar cases. The pathological changes were also distinctive, consisting 
widespread loss nerve cells all layers the cerebral cortex more 
especially the occipital lobes with associated astroglial reaction 
especially the outer layers where some the cells resembled gemisto- 
cytic glia. There was varying amount status spongiosus which was 
especially striking the first case. account the nature the lesions, 
the presence one case recent softenings the basal ganglia and the 
absence any evidence toxic metabolic factor, was suggested 
that the disorder was due some form vascular dysfunction without 
gross structural changes the blood vessels. 


Heidenhain (1928) paper entitled Concerning Peculiar Organic 
Disease the Presenium and Hallervorden (1930) described examples 
similar condition, but regarded being due primary degener- 
ation nerve cells. Meyer, Leigh and Bagg (1954) under the title Rare 
Presenile Dementia Associated with Cortical Blindness (Heidenhain’s 
Syndrome) described another example this disease asserting that 
Heidenhain regarded the condition closely related the 
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Jakob They regard their case also belonging the 
“Creutzfeldt-Jakob syndrome,” but order distinguish from other 
varieties this disease, they suggest that the name 
used designate their case and all similar cases. 

Now appears clear from Heidenhain’s paper that while regarded 
the disease his patients some form degeneration the central 
nervous system, differentiated absolutely from the Creutzfeldt-Jakob 
disease especially the histological changes the cerebral cortex and 
wrote Unter diesen wird wohl nicht sein, 
unsere mit den Jakobschen ohne weiteres auf eine Linie stellen.” 
designated the condition affecting his patients Presenile Cortico- 
striatal Degeneration contradistinction Spastic Pseudosclerosis which 
was the name given Jakob his disease. Furthermore, Heidenhain 
was the opinion that patients described Kirschbaum (1924) under 
the latter category were wrongly placed and were fact more 
appropriately regarded similar his own cases. Bornstein and Jervis 
(1955) however include Heidenhain’s cases among the published examples 
the Creutzfeldt-Jakob disease, also Jacob al. (1950), and the 
former authors not think that Meyer, Leigh and Bagg’s attempt 
establish subvariety the disease justified. 

Foley and Denny-Brown (1955), preliminary communication, 
outline the clinical and pathological features cases Subacute 
Progressive Encephalopathy which they claim resemble some respects 
the cases described Heidenhain (1928) and Jones and Nevin (1954). 
clear that the pathological changes the cerebral cortex Foley 
and Denny-Brown’s cases are similar those described Heidenhain 
(1928) and these authors tentatively suggest that the disease may the 
result primary degenerative process affecting the protoplasmic 
astroglia leading, when acute, status spongiosus and ultimately 
diffuse destruction the cortex. Their view the condition 
degenerative one thus similar Heidenhain’s, although the latter did 
not express any opinion how the degeneration arose. later 
communication, however, Foley and Denny-Brown (1957) also group 
their cases with Jakob’s pseudosclerosis. 

1957 Pallis and Spillane under the heading Subacute Progressive 
Encephalopathy with Mutism, Hypokinesia, Rigidity and Myoclonus 
include cases and which are clearly examples this condition. 
Despite the presence vascular lesions the two brains these authors 
are not prepared accept vascular dysfunction factor its causation 
but express their inability suggest any possible for this disease. 
Further cases have been described Jacob (1958) under the title 
Subacute Presenile Spongiform Cerebral Atrophy with Dyskinetic End 
Stage. They consider that the morphological characteristics the 
disease separate from the Creutzfeldt-Jakob disease and that the ground 
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substance rather than the ganglion cells primarily affected the 
pathological process whatever its nature. 

will generally agreed that clarification the nature the disease 
under discussion can only achieved the recording the clinical and 
pathological details all such cases they come light. the 
purpose this paper, therefore, describe eight examples the con- 
dition, discuss further the pathological changes their possible 
relationship Creutzfeldt-Jakob’s disease and consider whether some 
form degeneration vascular dysfunction the primary cause. The 
clinical features the disease the basis the cases far published 
will discussed. the present cases have already been presented 
the form preliminary communication (McMenemey and Nevin, 1955, 
1957) and the general features the disease have also been discussed 
(Nevin and McMenemey, 1958). 


Case 

Summary.—Fifteen months after the removal left petrous meningioma 58-year- 
old engineer with mild hypertension developed subacute illness consisting amaurosis, 
clumsiness the hands, first the left and then the right, rigidity, and myoclonic movements 
the upper limbs especially the fingers. the course few weeks became confused, 
incontinent and died five months after the commencement the illness. The administration 
priscol caused exacerbation myoclonic movements. 

The pathological changes consisted principally extensive loss and degeneration 
nerve cells and proliferation astrocytes the cerebral cortex and basal ganglia. 
The regional order severity these changes was follows: occipital lobe; parietal 
and insular cortex and anterior and lateral aspects the temporal lobe; precentral 
cortex; remainder frontal lobe and inferior aspects the temporal lobe, and the 
corpus striatum and thalamus. The hippocampus and globus pallidum were unaffected. 
few small softenings were found the occipital cortex. 


engineer aged 57, was first admitted the Maida Vale 
Hospital January 1952, under the care one (S. N.) with the complaint 
that, for three years, had experienced numerous brief attacks fright associated 
with sweating. Also, for two years, had had occasional convulsive seizures and 
had noticed some difficulty naming objects. Previously had been 
drinker” but was now reduced three four pints beer day. had suffered 
from gout since the age but his last severe attack was two years previously. 
There was significant family history and examination the only abnormal signs 
were slight increase the tendon-jerks the right limbs and minimal] sensory loss 
the cortical type the right arm. The mental state was normal but minimal 
degree dysphasia was present. The blood pressure was 170/100. Ventriculography 
showed displacement the left temporal horn. 

operation (Mr. Valentine Logue) January 30, 1952, meningioma, the size 
golfball and weighing grammes, was removed. arose from the dura overlying 
the left petrous ridge, and extended forwards under the temporal lobe and lesser 
extent backwards below the tentorium. Post-operatively, the dysphasia was tem- 
porarily increased but discharge February 19, 1952, had improved and 
spontaneous speech was good although could read only the simplest words and 
had spell out most sentence. 

Apart from one seizure September 1952 did well and continued light work 
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until May 1953, when, for known reason, fell and fractured his great toe: 
was greatly shaken. Two weeks afterwards complained that could not see 
well and that objects looked distorted and sometimes appeared 
the middle July 1953 was unable read newspaper and had given the 
light work had been doing—namely, putting leaflets into envelopes. mid-August, 
the gait became unsteady and the hands clumsy, first the left and then the right. 
the beginning September was sleepy day, restless night and longer 
able walk; his speech was slurred and jerky. 

was readmitted September 10, 1953, drowsy and times incoherent. 
appeared blind but this denied, complaining only that things seemed distorted. 
Eye movements were normal. All the limbs were somewhat rigid, the arms being 

flexed the elbows. Jerky involuntary movements the upper limbs and especially 
the fingers were frequently observed. Power was good but movements were jerky and 
uncontrolled, the tendon-jerks were symmetrical and the plantar responses were 
flexor. Pin-prick was felt both sides. The blood pressure was 190/115. Ventri- 
culography was repeated, but showed evidence tumour recurrence; the protein 

content the fluid was mg. per cent. 

Within week admission the conscious level fell and twitching the mouth and 
nose was noted. September was confused, disorientated and incontinent, 
but would still occasionally obey commands. His speech was for the most part 
unintelligible. lay times quietly, but often there were sudden jerks the left 
index finger, the head, and the eyes the left. Slow movements, which appeared 
semi-purposive, involved all limbs, but passive movements the limbs were 
strongly resisted. The tendon-jerks were not obtainable the legs and both plantar 
responses were now extensor. Tapping the forehead caused sharp contraction the 
face the right and tapping the shoulder chest evoked adduction-jerks the 
arms, especially the left. Similar jerks could obtained the legs, but all varied 
extent and spread from one stimulus another. Two days later even light touch 
evoked contractions. The intravenous administration mg. priscol caused 
marked increase spontaneous movement and evoked twitches while mg. elicited 
exaggeration marked that had immediately followed the intravenous 
administration 135 mg. sodium phenobarbitone order bring about lessening 
the involuntary movements. this time the blood urea was mg. per cent 
and calcium mg. per cent. Urinary output was normal. October the 
patient was quiet and unresponsive, and spontaneous jerks had ceased. Four days 
later coma deepened, the limbs became flaccid and the tendon reflexes could 
longer elicited; was doubly incontinent. Death occurred October 1953, 
the illness having lasted twenty weeks. 

Electroencephalograms taken during the last four weeks life showed the pattern 
fig. (Plate There was complete absence normal rhythms. Sharp wave 
complexes, mainly monophasic and diphasic, superimposed upon high voltage slow 
activity occurred synchronously all leads. This pattern was almost continuous, but 
gave way intermittently brief runs low voltage slow activity. The sharp wave 
complexes, although synchronous, were not identical all areas and they were 
probably independent any related slow wave. They were more prominent the 
posterior leads, but less the left temporal region the tumour site, although some- 
what more marked above this area the left hemisphere. 


Necropsy was performed five hours after death. There was evidence recent 
loss weight. The skull was thick but there was disease the bone, the former 
bone flap and thickened underlying dura showing signs sound healing, with 
evidence inflammation. The superior longitudinal sinus and the other dural sinuses 
contained clot. When the brain was removed evidence recurrence the 
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tumour was found, but the point excision there was appearance suggestive 
old infarction. The middle ears and cranial air sinuses were free from infection. The 
pituitary appeared small and rather soft. The heart weighed 310 grammes and was 
structurally normal, the muscle being good quality. There was minimal atheroma 
the thoracic aorta and the carotid and coronary vessels. The liver (1,700 
grammes) showed slight congestion. The kidneys, adrenals, and parathyroids were 
normal. 

The brain weighed 1,160 grammes. external abnormality was noted apart from 
softening the left temporal lobe where had formerly been compressed the 
meningioma; there was cortical atrophy and noticeable atheroma the cerebral 
arteries. sectioning the brain small yellow area softening about mm. 
diameter was found the lower part the pons the left side. There was 
ventricular dilatation and undue thinning the cortex. 


Microscopically, severe pathological changes were found the cerebral cortex, 
consisting loss and degeneration neurones with astroglial proliferation all 
layers. These changes were widespread, but worse some regions than others. 

The occipital cortex was involved most all. There the Nissl preparations the 
overall cell content appeared increased rather than reduced but this was due great 
astroglial proliferation all layers, especially the second and third. Many the 
new formed astrocytes had large vesicular nuclei, not easily distinguished from nerve 
cell nuclei, and large bodies with abundant pink staining cytoplasm containing fat 
particles different sizes. Other astrocytes also with vesicular nuclei but with scanty 
cytoplasm were numerous while multinucleated forms and groups glial cells were 
frequently seen. Some showed regressive changes evidenced their pallor, the 
presence intracytoplasmic fat, clasmatodendrosis and the occasional fragmentation 
the nucleus cell body, but general the astrocytes resembled healthy reacting 
cells. New-formed glial fibres formed considerable network the three external 
cortical layers, but were sparse the internal layers. 

Allowing for the increase the cell density produced astrocytes, was evident 
that considerable number neurones had disappeared (figs. and 4). This was 
indicated focal thinning nerve cells all layers although semblance lamina- 
tion was still preserved. Many nerve cells, while retaining their form, showed 
preparations some swelling and granularity the nuclei and rather diffuse 
staining the cytoplasm often with some excess lipochrome. Occasionally vacuoles 
were present the cytoplasm fairly well-preserved cells. There were, however, many 
cells showing advanced pathological changes two types, first severe cell change 
affecting both large and small cells, and secondly, form cell shrinkage involving 
more particularly the small neurones. 

the former group great variation occurred. The most damaged cells had pale 
granular nuclei without recognizable nucleoli with sometimes irregular broken 
nuclear membrane and disintegrated cell body which only pale remnants were 
visible. Some cells were fragmented, portion the nucleus and cell body being 
broken irregularly away. some the nucleus was unrecognizable cell debris was 
all that remained. few faint cell shadows were also present which the pyramidal 
form the neurones was some extent retained. Less damaged cells were pale 
with swollen granular nuclei and nucleoli often set against the nuclear membrane; 
some had nucleus more triangular than normal and darkly stained. 

The severe cell changes were scattered throughout the cortex, only few cells being 
affected any one point and this often adjacent focus cell loss. Shrinkage 
affected especially the small cells the outer layers, the nuclei which were triangular, 
darkly stained with invisible nucleolus, and sometimes surrounded small cell 
body containing, one side only, accumulation lipid; other times cell 
body could made out (figs. and 6). Such cells were nowhere very numerous. 
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the severely affected areas nerve cells could seen the molecular layer, 
while the less affected parts they showed granular degeneration the nuclei and 
partial dissolution the cell body. Oligodendrocytes were seen round the large 
ganglion cells, yet other nerve cells were surrounded clear areas and the 
oligodendrocytes were absent. Only occasional microglial cells were present, these 
being usually wrapped round the blood vessels. 

Although these pathological changes were everywhere well marked the occipital 
lobes, both the striate and parastriate cortex, they were not equal intensity through- 
out. They were sometimes most intense the depths the sulci, but they also varied 
from place place along the length the convolution and there was often con- 
siderable difference the degree affection adjacent convolutions. slight 
loosening the substance” with vacuolation was most evident 
hematoxylin and eosin sections, especially the external granular layer, but was 
nowhere prominent and did not amount “‘status There was some loss 
myelin the radiating bundles especially towards the base the sulci and the 
tangential fibres the molecular layer were reduced number, but otherwise 
gross pathological changes were observed myelin preparations. The general 
thinning the neurones and the cortical neuropile was also apparent Biel- 
schowsky preparations. 

the insula, the changes were moderate severity. The cortical layers were 
diffusely involved the glial proliferation and triangular nerve cell forms were much 
evidence the outer layers. Among the large cell population the degree 
abnormality was less. the posterior temporal area and the parietal cortex the 
changes were severe. Large astrocytes with faintly granular pink cytoplasm (Nissl 
stain) could seen all layers well nerve cells various stages degeneration. 
Over the inferior temporal surface the abnormality was less marked, both regards 
the glial proliferation and neuronal loss; here, however, fatty infiltration large 
nerve cells was prominent feature. the left side the tumour bed was delimited 
area softening and gliosis. the anterior temporal areas the changes were 
moderate severity, particularly externally, while the inferior surface was less 
abnormal, the glial overgrowth and neuronal changes appearing not involve the 
hippocampus any significant extent. the precentral cortex the changes were 
well marked though less severe than posteriorly and the Betz cells were mostly normal 
appearance. the rest the frontal lobe, however, the specific changes were 
slighter extent than other parts the cortex and the gyrus rectus was less involved 
than the superior and middle frontal gyri. 

few small softenings were found the occipital lobes the junction the grey 
and white matter, but mostly the latter; possibly significance that they were 
not observed any other region the brain but only the occipital lobes where 
the specific cortical degeneration was most severe. Fig. illustrates one such area 
softening the region the cortico-medullary junction. was complete that 
consisted masses compound granular corpuscles with proliferating astrocytes 
extending into both grey and white matter. These latter were typically gemistocytic 
form and, the zone grey matter into which they extended, the nerve cell 
degeneration was similar that present other parts the cortex where softenings 
had occurred. Indeed, the astrocytes the cortex differed from the typical gemisto- 
cytic glia surrounding the softening only having slightly smaller, less hyaline 
and less sharply outlined cell body, and occasional cells the molecular layer were 
indistinguishable. other abnormalities were noted the white matter the 
cerebral hemispheres. Some the larger perivascular spaces were dilated and 
occasionally contained few lymphocytes and macrophages: 
there was free fat and Marchi preparations were negative. 
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There was slight thickening the cortical arterioles and capillaries but otherwise 
pathological changes were found the vessels the cortex and white matter. 

the caudate nucleus and putamen the nerve cells were not appreciably reduced 
numbers but pale staining forms were frequent and there were few instances 
dissolution the cytoplasm. Glial proliferation was not obvious although many 
the astrocytes contained small granules which stained darkly with the 
thalamus there were slight but definite changes. The astrocytes were increased 
number and some focal loss nerve cells was detectable. Others showed acute cell 
change with pallor and shrinkage the cytoplasm leading some instance partial 
disintegration nucleus and cell body. The globus pallidus revealed abnormality. 

changes were noted the cerebellum. The motor nuclei the brain-stem were 
normal, but the region the superior colliculus there was considerable fibrous 
gliosis affecting the dorsal part the mid-brain. The meninges round the brain-stem 
were slightly thickened and solitary arteriole showed gross thickening its wall. 
Probably these changes the brain-stem were secondary effects pressure produced 
the tumour which had extended into the posterior fossa. There was proliferation 
glia surrounding the softening the pons. The leptomeninges generally showed 
some diffuse thickening and fibrosis with occasional mononuclear cells with blood 
pigment the cytoplasm. 

Neurofibrillary degeneration and senile plaques were not seen any part the 
brain. 


Case 

Summary.—A 68-year-old engineer developed subacute cerebral illness seventeen 
months after the successful removal left temporal lobe staphylococcal abscess. The 
symptoms included failure memory, weakness and clumsiness the right hand, aphasia, 
disorientation, spontaneous twitchings all parts the body and rapid horizontal and 
vertical movements the eyes. appeared blind. Death occurred fourteen 
weeks later. 

The pathological changes amounting neuronal disappearance and astroglial reaction 
were maximal the occipital and parietal lobes and marked the insula and the upper 
two temporal convolutions; elsewhere the cerebral cortex they were slight. They were 
slight also the corpus striatum and thalamus but marked the globus pallidus. Some 
loss and degeneration cells was also present the inferior olives and recent softening 
was present the sublenticular part the left internal capsule. 


retired engineer aged 67, was first admitted Maida 
Vale Hospital under the care Dr. Henson and Mr. Valentine Logue, 
January 15, Two weeks before admission had noticed cessation discharge 
from chronically infected left ear followed within few days left-sided headache, 
nausea, vomiting and difficulty speaking. admission hospital was slightly 
drowsy but normally orientated. There was well-marked dysphasia, mainly expres- 
sive, and mild right hemiparesis. Sensation and visual fields were normal and there 
was papilloedema. The pupils reacted normally light and accommodation. 
The blood pressure was 140/90. Needling the left temporal lobe revealed abscess 
the posterior part and Staphylococcus pyogenes was isolated from odourless pus. 
The cerebrospinal fluid obtained lumbar puncture was pressure 300 mm. 
with leucocytes (30 per cent neutrophils) per c.mm. and 210 mg. per cent protein. 
Penicillin and streptomycin were given parenterally and the former two occasions 
intrathecally. five occasions penicillin was administered directly into the abscess 
cavity, once with streptomycin. 

The hemiparesis resolved but the dysphasia continued and, February his 
headache recurred and again became drowsy. Ventriculography revealed dis- 
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placement the ventricular system the right and upward displacement the left 
temporal horn. Craniotomy February 29, disclosed fibrosing abscess which was 
removed. Pus was still present its cavity. Ventricular tap was performed four 
occasions subsequently with instillation total 80,000 units penicillin and the 
patient was discharged from hospital March 10, 1952. grossly dysphasic 
mainly expression, but had other abnormal signs except for slightly increased 
tendon jerks the right side. The cerebrospinal fluid discharge contained 
lymphocytes per c.mm. and protein mg. per cent. 

His general health continued improve and was able help the house and 
out unattended until the middle August 1953 when his wife noticed that 
was more clumsy, liable sleep day, and failing markedly memory and power 
concentration. became unable speak but could understand simple commands 
and appeared enjoy and understand television. When seen October 19, 1953, 
visual acuity was seemingly unimpaired but there was constriction the right 
homonymous field. Tone was increased the limbs, more the right, and the 
tendon-jerks were brisker that side though both plantar responses were flexor. 
The right arm was slightly weak and very clumsy and there was impairment finger 
movements both hands. The legs were stiff, especially the right, and was unable 
walk without help. There was evidence raised intracranial tension. 

During the next month deteriorated rapidly, becoming bedridden and incontinent 
urine; could not speak nor feed himself nor obey simple commands. His family 
doctor (Dr. Bentley) reported spontaneous twitching all parts the body, 
sometimes following upon slight touch. 

was readmitted hospital November 17, 1955, when ventriculography 
showed dilatation the ventricular system and air space the left temporal lobe. 
The ventricular fluid was clear and colourless with protein mg. per cent. 
examination lay quietly bed, unresponsive though occasionally opening his 
eyes. The limbs were motionless with increased tone, especially the right side. 
The right plantar response was extensor, the left doubtful. Isolated twitches the 
face and all four limbs occurred frequently, times affecting one other side pre- 
dominantly. Twitches occurred when the patient was touched, especially about the 
mouth when was fed tube. Several attacks jerking the head and eyes 
the right were also seen, but after November further spontaneous movements 
occurred. passed graduaily into deep coma with rising pulse rate and respirations 
and falling blood pressure. died November 25, 1953, fourteen weeks after 
the commencement the terminal illness. 

The first EEG was taken three weeks before death and, although this was before the 
observed onset the myoclonic twitching, pattern similar that found Case 
was already well marked the left himisphere. The sharp wave complexes, one 
two second and either monophasic diphasic, occurred rhythmically the left 
hemisphere, being most marked the temporal region (fig. 9). They occurred against 
background slow activity but this was more rhythmical and shorter period than 
that seen during the acute stage abscess formation. times the slow potentials 
ran without sharp wave complexes and the tendency intermission was slight. 
the EEG taken two weeks later the typical pattern had spread the right hemisphere, 
thus affecting the whole brain, but the abnormalities were still greater the left where 
the sharp wave complexes were faster and more often diphasic than the other side. 


Necropsy was performed four and half hours after death. The bone flap had 
healed well, the dura being adherent the underlying brain where the leptomeninges 
were deficient; elsewhere they looked normal. There was small perforation the 
left tegmen tympani and the membrana tympani was thickened. Mucus, but pus, 
was found the cavity the left middle ear and also some the mastoid air cells. 
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There was mucopus the left frontal sinus and, lesser extent, the right; the 
ethmoid and sphenoidal sinuses were clear. The left temporal bone was denser 
texture than the right. The superior longitudinal sinus and other venous sinuses were 
normal. 

the left side the thorax there were widespread pleural adhesions with confluent 
bronchopneumonia the lower lobe; the lower lobe the right was congested. The 
heart (385 grammes) was structurally normal. There was minimum coronary 
atheroma, and slight atheroma the thoracic aorta and the great vessels the neck. 
There was considerable atheroma the abdominal aorta. The kidneys showed 
loss substance, but the right there were two large cortical cysts and the 
left two small recent infarcts. The spleen was normal and the liver showed slight 
congestion only. The adrenals, pancreas and testes were normal and further 
evidence arterial ambolism was found. There was venous thrombosis. The 
pituitary was normal. 

The brain weighed 1,450 grammes and had normal external appearance apart 
from sclerosed area the infralateral surface the left temporal lobe, marking 
the site the abscess cavity. There was patchy atheroma the circle Willis and 
the internal carotid and middle cerebral arteries. coronal section, slight 
granularity was noted the posterior horns the ventricles which were somewhat 
dilated. 

Histologically the changes were similar those Case being most marked 
the parietal and occipital areas. The cortical layers were preserved but there was some 
blurring the pattern the calcarine cortex, and lightening layers and else- 
where. some points the parastriate regions there was some increased cell 
density the junction layers and due the proliferation astrocytes. Some 
general (fig. 10) loss nerve calls was present all layers but was nowhere extreme. 
Ghost-like forms degenerating cells were frequent, and others showed swelling 
with granule formation the nucleus, associated sometimes with vacuolation 
the cytoplasm. Sudanophilic fat was present some the cells but most there 
was pathological degree lipochrome. Fragments nerve cells including 
disintegrated nuclei were seen. These severe cell changes were noted everywhere 
but especially the outer layers. Shrinkage nerve cells occurred especially the 
external granular layer where many triangular irregular nuclei, granular and dark 
staining, were seen surrounded shrunken cell body which stained brighter 
red than normal with eosin. the other hand many cells, especially the large 
pyramidal cells, appeared structurally normal although even they were pale 
and indistinct their staining and had nucleus more granular than normal. 

proliferation the astrocytes similar that found Case was present all 
layers. These cells were large with swollen cell bodies often containing granules, 
golden-yellow Nissl preparations. The nuclei could often recognized groups 
the molecular layer and layer possible that regressive changes affected 
some neuroglial cells many naked nuclei were found, although was difficult 
sure these originated from nerve cells from astrocytes. The histiocytes 
showed slightly increased activity but compound granular corpuscles were not seen; 
nor was any fat found either lying free within histiocytes. The arterioles 
and precapillaries showed slight thickening and the perivascular spaces were dilated. 
There was free iron. There was some general loosening the ground work with 
suggestion status spongiosus all but more particularly the outer layers. spite 
the extent the cell loss, the myelin preparations were remarkably intact, but 
here and there the radiating fibres appeared interrupted, especially the 
bottom the sulci. the right lateral occipital cortex there was small softening 
involving the molecular and external granular layers with another near-by the cortico- 
medullary junction with surrounding pallor the myelin staining; the acute cell 
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changes and the glial reaction the contiguous cortex were similar those described 
above. the white matter the occipital lobe significant changes were found 
apart from slight proliferation the astroglia. 

Elsewhere the brain the changes varied considerably from place place. They 
were the whole moderate severity the insula and the superior and middle 
temporal convolutions but slight the inferior surface the temporal lobe and also 
throughout the frontal lobe. They were again absent the hippocampus. the 
left side the temporal lobe was generally atrophic result the abscess, with 
loss myelin and gliosis the contiguous white matter. The optic tracts and the 
corpus callosum were normal. 

the caudate nucleus there was accentuation the perivascular spaces but 
the putamen. thalamus and globus pallidus this dilatation amounted 
There was, however, appreciable loss cells the caudate nucleus and putamen, 
although many were pale and few showed breaking the cytoplasm. Some 
paired astrocytes were seen with well-formed fibres, more especially the anterior 
part these centres. The capillaries and arterioles were little thickened. There 
was marked loss cells the globus pallidus and, those remaining, few appeared 
completely normal, many being small and indistinct while lipochrome pigmentation 
was heavy some them. There were occasional paired astrocytes and some micro- 
glial activity was evident. The thalamus showed some loss cells and increase 
astrocytes especially the dorsomedial nucleus. This was nowhere extreme but 
scattered disintegrating nerve cells could recognized and not few appeared 
shrunken around normal-sized but somewhat indistinct pale nucleus. There were 
noticeable changes the amygdaloid nucleus. The cells the pigmented nuclei 
the brain-stem were well preserved but showed abundant lipochrome. There was 
recent softening with fat phagocytosis the sublenticular part the left internal 
capsule and another the anterior commissure. The lateral and third ventricles 
showed granular ependymitis most marked the left descending horn relation 
the site the enucleated abscess and here the subependymal tissue corpora 
amylacea were present abundance. the ventricular surface the right corpus 
there was residuum thorotrast. the pons and medulla there 
was little proliferation astrocytes and some microglial activity together with 
surface gliosis. The nerve cells the pons and medulla were apparently healthy except 
for the olives which showed slight loss cells, with shrinkage those that remained 
and some degree gliosis. There was slight but definite deficiency Purkinje 
cells and granular cells the cerebellum, but the dentate nuclei were normal. 
changes were noted the pyramidal tracts. 


Case 

Summary.—A 55-year-old spinster, two years after right-sided cerebral thrombosis 
and very shortly after fall, developed illness consisting rapid deterioration 
memory, the hands, especially the left, and myoclonic jerks, especially 
the left upper limbs. Later the myoclonus became general, she lapsed into coma and 
died eleven weeks after the onset the illness. 

The loss and degeneration nerve cells were maximal the frontal and occipital 
lobes especially the calcarine cortex, less severe the parietal cortex and minimal 
the insula and temporal lobes. Minimal changes were present the basal ganglia 
and the cerebellum also showed definite pathological changes. 

spinster aged 55, was admitted Maida Vale Hospital 
August 18, 1952, under the care Mr. Valentine Logue. Two weeks before admission 
she complained one evening and her speech was noticed 
slurred. She went bed and then, later the same evening attempting return 
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downstairs, she fell striking the right side her head. She was found unconscious 
state bleeding from the nose and ears. The next morning she had recollection 
the fall but was found have left hemiparesis affecting mainly the arms and face, 
which persisted. Her only other complaint was that she saw double several days 
after the fall. The past history was significant only the occurrence rheumatic 
carditis child but there had been subsequent symptoms suggest cardiac 
failure. 

examination, the mental state was normal. There was upper motor neurone 
weakness the Jeft side face and arm and slight weakness the leg, with little 
increase tone and exaggerated tendon-jerks; the left plantar response was indefinite. 
Sensation was normal and the visual fields were full. There was presystolic apical 
bruit but there was clinical radiological evidence enlargement the heart and 
the pulse was regular. The blood pressure was 140/80. ventriculogram was normal 
was the ventricular fluid with protein content mg. per cent. X-rays the 
skull and chest were normal. 

Eight days after admission she was discharged from hospital having regained some 
strength the left arm. Improvement continued that she felt able resume her 
housework until the last week August 1954, when she fell two occasions, one 
which she struck her head but did not lose consciousness. After these falls her gait 
was noticed unsteady but this seemed improve for few days. However, the 
disability soon returned and progressed steadily that she would sway any direction 
when walking. 

When readmitted hospital October 25, 1954, she was longer able walk 
unaided and her hands, particularly the left, were clumsy. She complained also 
marked deterioration memory for recent events and inability concentrate. 
During the previous two weeks she claimed have lost stone weight. 
examination she was alert and well orientated, but she was restless and her attention 
wandered that she was able concentrate for only brief periods. There was 
dysphasia but occasional words were slurred. The optic discs and visual fields were 
normal. She presented mild left hemiparesis and the right arm also was somewhat 
hypertonic although without undue briskness the deep reflexes. addition 
inco-ordination the left leg there was gross ataxia attempted walking. Almost 
continuous and purposeless movements were present the upper limbs, 
especially the left, and occasional myoclonic twitches the left shoulder leading 
sometimes abduction the arm. Sensation was normal. The blood pressure 
this occasion was 160/90 and the heart before without evident enlargement 
dysrhythmia. Ventriculograms were again normal and unchanged, and the ventricular 
fluid protein was mg. per cent. The blood count was normal. 

November the evening following the ventriculography under general anesthesia, 
attack twitching the right arm with deviation the head the right was 
observed, followed later twitching the left arm both arms. Both during periods 
quiescence twitching the patient would obey simple commands. November 
11, she was drowsy and incontinent but reacted painful stimuli. Jerking the 
upper limbs and less often the right side the face continued off and until 
November 13, when they ceased. She was now deeply unconscious and breathing 
became stertorous and later periodic. Death took place November 15, approxi- 
mately eleven weeks after the onset the final illness. 

EEG was first taken October 29, two weeks before death. Sharp wave 


were present over both hemispheres but more marked the right side. 


Runs slow waves occurred bilaterally though normal alpha rhythm was still 


evident the left side. Blocking the abnormal activity could produced 


sudden noise and intermission the record also occurred spontaneously. 
recording four days before death the sharp wave complexes were sharper and more 
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prominent both hemispheres. They were synchronous but not identical form 
all areas. The normal rhythms were absent. 


Necropsy.—This was completed twenty-five hours after death and revealed 
evidence recent loss weight disease any the organs other than the 
brain. The heart weighed 270 grammes and was structurally normal; there was 
only minimum atheroma the aorta and the carotid arteries. There was 
evidence skull fracture. Histologically, the organs showed nothing note. 

The brain weighed 1,105 grammes. There was general glossy thickening the 
leptomeninges over the convexity with moderate degree atrophy the frontal 
lobes and widening the sulci. The right precentral gyrus was shrivelled and, the 
depths the central sulcus particularly the anterior surface the post-central 
gyrus, there was yellow pigmentation the thickened from 
old infarction. The cortical grey matter appeared mostly normal but the temporal, 
parietal and occipital regions the cortex was rather thinned. The central grey matter 
was normal save for small needle track the body the right caudate nucleus, 
and the white matter above and behind it. The ventricles were normal size. 
Slight atrophy the cerebellar folia was noticed. The cerebral vessels were virtually 
free atheroma and the right middle cerebral artery was patent throughout. 


same pathological changes were found the cerebral cortex 
the previous cases. They were widespread but the frontal and occipital lobes 
were the most severely affected. 

the frontal cortex the process was everywhere severe though variable degree 
and often more marked the depths the sulci than elsewhere. the outer layers 
especially, considerable loss neurones had taken place but lamination was still 
evident although partly obscured glial proliferation. Many the remaining 
neurones showed fatty degeneration the cytoplasm and were vacuolated. Some 
shadow forms were present and also cells which the cytoplasm was fragmented. 
the deeper layers the neurones often appeared normal, but some showed fatty 
degeneration pale somewhat pink cytoplasm without granules. Many 
the larger cells were surrounded clear space the background. Shrunken cells, 
often triangular shape and darkly staining, were frequent the outer layers and 
occasionally more deeply. 

the occipital lobe the changes were similar degree those the frontal lobe 
being most marked the calcarine cortex. the parietal cortex they were widespread 
but less intense. suggestion status spongiosus which seemed consist partly 
dilated pericapillary spaces, and partly what appeared holes the “‘ground 
was also noted some points the occipital lobes. 

the right motor cortex there was subcortical softening corresponding the 
gross lesion already noted. This area was characterized gross pallor the Spiel- 
meyer preparations indicating loss myelin together with gliosis and collections 
pigment-filled histiocytes around thickened vessels: corresponded well lesion 
two years’ duration. The cortex over this area was thinned and nerve cell loss and 
degeneration the remaining cells was marked, consisting the main cell shrinkage. 
addition there were seen nerve cells without visible nuclei but with somewhat 
swollen cytoplasm which stained homogeneously pinkish red with eosin. The part 
the precentral gyrus remote from this lesion showed moderate degree atrophy 
with gliosis and poverty intact nerve cells. The Betz cells were rather shrunken 
but the nuclei appeared healthy. the upper and lateral aspects the posterior 
part the left superior frontal gyrus (i.e. just anterior, but the side opposite the 
softening already described) there was old lesion characterized thickening the 
leptomeninges, localized shrinkage the cortex and quantity hemosiderin-filled 
histiocytes. 
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The insula and the hippocampal gyrus were normal save for patchy proliferation 
astrocytes the outer The same was true the inferior temporal gyrus and 
the gyrus fusiformis although the white matter the latter there was the scar 
old infarct. There was slight loss nerve cells with similar glial changes the 
middle temporal gyrus. Ammon’s horn there was loss cells but there was 
excess astrocytes the tangential fibres. The corpus callosum was thinned 
but there was demyelination. 

The caudate nucleus and putamen both sides showed slight excess astrocytes 
which contained fatty granules; but only the putamen was there apparent 
reduction the number neurones. the globus pallidus there was astrocytic 
proliferation slight degree with some loss nerve cells—of the remaining ones 
some had granular incrustations along their processes and hyperchromatic nuclei. 
The vessels the pallidum showed much hyaline change and there was some microglial 
activity. The thalamus showed slight excess astrocytes with some loss nerve 
cells, especially the lateral mass. the pulvinar the changes were more marked: 
there was loss cells but the remaining ones many were normal although 
containing excess fat. Disintegrating fragments cells could made out and 
also many shadows. Cell shrinkage, however, was not feature. Neuroglial cells 
were numerous but the astrocytes were not swollen the cortex. There was 
increase astroglia the external geniculate body. 

this case slight pathological changes were also present the cerebellum 
involving especially its anterior and inferior aspects. These consisted loss and 
degeneration the Purkinje cells especially the apices the folia and clumping 
and loss granular cells associated some places with general loosening and lifting 
the Purkinje cell layer from the granular layer and proliferation the 
Bergmann cells. There was some increase endothelial cells the capillaries the 
molecular layer and some microglial proliferation was also present. the dentate 
nucleus there was much lipochrome and many the cells were very pale. 

The substantia nigra appeared healthy but the right peduncle there was evidence 
early tract degeneration: this was not seen any lower level. aggregation 
microglia was noted the nucleus the trochlear nerve. The pons was normal. 
Glial knots were noted one side the lateral vestibular nucleus and the nucleus 
the spinal tract the fifth nerve: this latter situation both sides there was 
distinct lymphocytic cuffing blood vessels. The spinal cord was normal. 


Case 

Summary.—A 57-year-old woman with earlier history migraine developed 
illness while holiday consisting malaise, irritability, impairment control her 
left hand and progressive failure vision. Mild hypertension was noted. 
proved fatal twelve weeks, the terminal symptoms being myoclonic jerkings, delirium, 
hallucinations, stupor and coma. 

Microscopially there was extensive loss and degeneration nerve cells with astroglial 
proliferation the cerebral cortex and basal ganglia. There was associated well-marked 
status spongiosus formation and microglial reaction with fat granule 
cellular changes were severe all over the cortex with the exception the fusiform and 
hippocampal gyri and the hippocampus. The status spongiosus was most marked 
the lateral and inferior aspects the hemispheres. Moderately severe changes were 
also present the caudate and lenticular nuclei and thalamus but status spongiosus was 
observed only the first these ganglia. 

Hospital/4709, married woman aged with one son, had for 
many years been subject periodic left-sided headaches with vomiting attacks but she 
had had none for the past ten years. was while holiday the seaside during the 
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latter part August 1954 that she first noticed impairment control her left 
hand and, the same time, her family doctor commented her unusual irritability. 
After ten days she returned home, and became subject unaccountable fluctuations 
mood, referred She was noticed negligent, and her left 
arm became progressively weaker that she could not raise tie the ends her 
pyjama cord; her left leg too became weak that she could not climb the stairs. 
Soon after her return home she complained behind the and 
Although she denied any loss vision she was seen grope for the door and table 
would feel for her food the plate with her left hand, holding the fork her right. 
Two weeks later she had fed, dressed and, although still ambulant, assisted 
wherever she went. She was admitted St. Nicholas Hospital September where 
Dr. Karani found that she had slight emotional instability and deterioration memory 
for recent events. Her visual acuity was now reduced counting fingers one metre. 
Her blood pressure was 220/120. 

She was transferred the Brook Hospital September and was seen one 
(S. B.) who found her lying her back, mostly immobile, her eyes staring into 
space. The left upper limb was flexed and pressed against the chest, while her left 
hand was clenched. The right upper limb was held somewhat similar 
but neither the flexion nor adduction were extreme the left side. The legs 
were extended. There were occasional rapid, jerk-like movements short duration 
and variable distribution involving the right arm and shoulder but not the face. 
times slight rhythmic flexion movements were noticed the left wrist persisting for 
seconds. one occasion the eyes and head were turned the right and 
remained this position for minutes. The patient, though she denied it, 
appeared blind, judged absence fixation reactions bright objects. 
Her speech remained remarkably clear and times quite rational, but simple 
questions were answered only after long pause. She opened the right hand request 
but not the left, and gripped the examiner’s fingers placed the palm the right hand. 
When fed she retained the bolus her mouth for long periods. She was not incontinent. 
abnormalities were noted ophthalmoscopic examination, and the pupillary 
reactions light were brisk. All tendon-jerks were exaggerated. The plantar 
responses were flexor. Voluntary movements limbs and sensory functions could not 
tested because lack co-operation. The blood pressure was now 170/110. 


Her posture became gradually more fixed. The arms were held position 
adduction with flexion extension the elbows, while the hands were clenched and 
usually flexed the wrists. Her head was slightly extended the neck. Her legs 
were position moderate flexion the hips, knees and ankles. Usually her 
head was turned the right while the eyes assumed positions extreme lateral 
deviation either direction. Any disturbance handling the patient resulted 
immediate further accession muscular tone. Involuntary movements continued 
and, though varying from time time, consisted isolated myoclonic twitching 
involving proximal limb segments, mainly the arms. These movements were increased 
handling the patient. Occasionally all limbs were involved synchronously. 
Less often localized rhythmic movements, e.g. flexion and extension the wrist 
thumb pronation and supination the elbow, persisted for fraction minute. 
There were many episodes, each few minutes’ duration, when myoclonic jerking 
increased frequency, and severity and became more widespread. 

Following period delirium associated with hallucinations which engendered 
excitement and apparently fear, she passed into state stupor and later into coma. 
This terminal phase lasting about ten days was characterized loud stridor. 
Although the usual evening temperature had been about 99°F and occasionally rising 
100°F, pyrexia exceeding these limits supervened shortly before her death, reaching 
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maximum 103°F the fourth day prior her death November 12. The total 
duration the illness was twelve weeks. 

Investigations carried out showed abnormality the blood count nor the 
cerebrospinal fluid. The sedimentation rate two occasions was normal, the blood 
W.R. and P.P.R. were negative; the serum calcium, sodium, chlorides, potassium, 
protein and blood urea and sugar were all within the limits normal. Chromatography 
showed abnormal amino acids, X-ray the chest revealed healed right upper zone 
tuberculosis the right side; X-ray the skull was normal. 

EEGs taken September and subsequently, were abnormal and all showed 
similar pattern, the normal rhythms being replaced slow potentials varying 
frequency between and c/s. The slower potentials had voltage 200 
and were more prominent the right side and anteriorly both hemispheres. They 
were times semi-rhythmical c/s with each wave separated ill-defined 
diphasic sharp wave. This pattern intermitted periodically for seconds being 
replaced c/s activity with average amplitude which might 
followed random delta activity before the more rhythmical pattern was again 
resumed. 


Necropsy.—Necropsy examination was carried out nine hours after death 
Dr. Williams. The pathological findings were confined the brain. 


The Brain.—The brain which after fixation weighed only 971 grammes, was 
noticeably atrophied all parts but particularly the occipital lobes. The bodies 
the lateral ventricles were slightly dilated but the occipital horns were markedly so. 
coronal sections was noted that the atrophy the cortex varied from part part 
that the line demarcating the grey from the white matter was distinctly uneven. 
Although the pathological changes were essentially the same order those 
described the previous cases there was considerable degree tissue destruction 
with status spongiosus varying intensity many parts the cortex. the 
occipital lobe, where was clearly visible stained preparations with the aid 
hand lens (fig. 11) was especially marked the upper half the mesial surface 
and over most the lateral surface but the calcarine area and along the inferior 
surface the lobe was less evident. sections taken through the front and centre 
the brain the spongiose atrophy was most marked the middle frontal and the 
middle and inferior temporal convolutions. was, therefore, most evident the 
lateral and inferior aspects the hemispheres but did also involve the mesial side. 
sometimes occurred small localized areas but often these were multiple (fig. 12) 
stretching over wide expanse cortex. Sometimes the status spongiosus involved 
one side sulcus and not the other, and the whole appeared involve the 
depths the sulci more often than the crowns. was found all layers but the 
occipital cortex one noticed that often stopped rather abruptly between the fifth 
and sixth lamine. 

The structural pattern these spongiform lesions was fairly constant, consisting 
essentially spaces intersected strands brain tissue varying thickness, 
which processes cells myelinated fibres could revealed suitable staining. 
The spaces were mostly round oval, varying size from small vacuolation 
around blood vessel series large adjacent and sometimes confluent cavities 
which could not made reveal any contents when examined frozen sections. 
Occasionally intact defunct nerve cell could recognized space, while 
nerve cells glial cells, both healthy and altered, were often seen stretched, 
were, around the periphery the spaces they had been lifted bubbles 
fluid. The axon bundles and cortical neuropile were disorganized (fig. 15). Apart 
from the destructive lesions already noted, the cellular changes (fig. the cortex 
were similar those described the other cases, except that pronounced microglial 
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reaction was also present. the occipital lobe the changes were considerable degree 
and generalized irrespective whether status spongiosus was marked not. For 
instance cell loss and astroglial proliferation were striking the calcarine area but 
here status spongiosus was slight. the molecular layer the astrocytic proliferation 
was extreme and considerable fibre formation extended inwards but the deeper 
layers fibre formation was not marked and glial cells the junction the grey and 
white matter tended gemistocytic. 

all layers there was widespread loss neurones often accentuated small foci. 
The external granular layer was least affected, but here cell shrinkage was marked. 
Disintegration neurones with numerous residual indistinct fragments the bodies 
nuclei these cells and also neuroglial cells was striking feature all layers. 
The surviving nerve cells, although appearing intact did show many instances nuclei 
more triangular and granular than normal Compound granules corpuscles were 
evident throughout the cortex and were numerous (fig. 13). addition there were 
few microglia. 

the frontal and parietal regions the lesions were only slightly less severe than those 
the occipital cortex. Also here the mesial surface showed typical cellular changes 
marked degree, although status spongiosus was little evident. the temporal lobe 
the changes were less severe except the inferior temporal convolution where they 
were marked degree and status spongiosus was much evidence. The typical 
nerve cell and glial changes were present but not marked the gyrus fusiformis and 
the gyrus hippocampus. The cells Ammon’s horn were largely intact. 

the caudate nucleus there were degenerative changes including excess 
lipochrome the larger cells many which were shrunken while others had assumed 
rectangular form. The smaller cells were mostly healthy. The degree cell loss was 
difficult assess, but appeared patchy. Occasional microglial cells various 
stages fat repletion were seen and the astrocytes showed evidence prolife- 
ration, forming good fibres P.T.A.H. preparations. Status spongiosus was present 
varying degree, but general was slight (fig. 14). 

the claustrum there was slight loss cells. the putamen the changes were 
similar those the caudate but microglial cells were rather more evidence. The 
whole area the globus pallidus stained pale and there was loss cells with 
shrinkage several the surviving cells while some appeared breaking up. 
There was considerable astroglial proliferation the nuclei being enlarged. The nerve 
cells the medial segment were somewhat better preserved than the outer part, 
but the lipochrome content, particularly those undergoing change, was high. 
There was marked degree sclerosis the larger blood vessels, and many 
capillary size could seen with minute particles their exterior surface, which 
stained dark blue with Nissl’s method. Microglial cells were rather more prominent 
here than the central grey matter already described. 

the thalamus the cells were possibly more fatty than normal with tendency 
places thinning the ground substance early status spongiosus were 
present. There appeared some cell loss particularly the lateral nucleus but 
astroglial proliferation was only slight. the subthalamic nucleus, there was some 
loss cells and glial excess and microglial cells were present numbers. There 
was moderate loss cells the red nucleus and some astroglial proliferation. The 
substantia nigra and the reticular formation appeared normal. There was some loss 
cells the nuclei pontis with glial proliferation. The astrocytes were proliferated 
the olive, including occasional giant form but the nerve cells appeared normal. 
The spinal cord was not available for study. the cerebellum there was considerable 
patchy loss Purkinje cells but there was loss cells the granular layer 
the dentate nucleus. 
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Case 

Summary.—A 61-year-old civil servant, who six years earlier had had collapse therapy 
for pulmonary tuberculosis, developed cerebral illness which proved fatal eight weeks; 
the main symptoms consisting mental obfuscation, lapses memory and myoclonus, 
first the left upper and lower limbs and then the limbs the right side. 


ventriculogram showed generalized ventricular dilatation. Neuronal degeneration 
and neuroglial reaction were widespread the cerebral cortex and were maximal the 
second and third temporal convolutions and the mesial and superior aspects the 
occipital lobes. The changes were less marked the striate and parastriate areas and 
the frontal lobes. Status spongiosus was moderate severity and was present 
some extent both the caudate nucleus and the thalamus where cell loss was 


noticeable feature. 


Hospital 5913, civil servant aged 61, had always enjoyed 
good health apart from history pulmonary tuberculosis with collapse therapy 
1949, until the morning December 13, 1955, when, reaching his office, 
found that was mixed up” and could not think sufficiently clearly accomplish 
his work. Realizing that something was amiss returned home but his wife failed 
notice anything abnormal. When seen week later doctor still complained 
indefinable muddled-up feeling and slight sense instability. However, 
appeared good health and physical examination was normal. 


was not until three weeks later that his family noticed for the first time that 
was obviously experiencing lapses memory and the same time complained 
that his eyes were clear”. When examined one (S. B.) had myoclonic 
jerking the left arm and lesser extent the left foot, while the left arm failed 
maintain its position when outstretched; the left ankle-jerk was brisker than the 
right. Perimetry Bjerrum’s screen was normal. The uncorrected visual acuity was 
6/12 each eye. 

admission the Brook Hospital January 1956, the patient was dis- 
orientated and confused, signs which had apparently supervened over period 
few days. Coarse action tremor now involved the left upper limb and the myoclonic 
jerking previously seen was much more evidence: would involve either one 
more individual digits the limb whole, but there was conspicuous absence 
involuntary movements the face. There was nystagmus and dysarthria. 
Walking was normal and the plantar responses were flexor. Two days later his state 
awareness was found vary; best recognized relations and nurses and 
these times was able conduct simple conversations when denied headache 
any other symptom. other occasions would restless and deluded (‘‘Let 
arrange these things the Queen Mother coming The myoclonic 
jerking had now extended the limbs the right side and the head tended 
held partial extension. Articulation, however, was normal. 


January myoclonic movements, although slight, were seen for the first time 
the muscles the mandible and the neck but except for the frontalis the muscles 
the face were not involved. Myoclonus was still more pronounced the muscles 
the left upper extremity, this limb being held rigidly either position flexion 
extension the elbow with the hand clenched and the wrist flexed. Occasionally 
rhythmic movements were noticeable immediately following any disturbance 
the patient especially handling the left arm. few occasions the head and 
eyes were observed turn one side, mostly the left, and remain this 
position for half three-quarters minute. other movements were 
associated with these episodes tonic rotation and clonic movements did not follow. 


BRAIN—VOL. 
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When they first appeared had already lapsed into stupor and was impossible 
ascertain that loss consciousness was feature them. 

week later the stupor was profound and could not roused induced 
answer simple questions. The left leg was now held flexed position and the plantar 
responses were both extensor. The myoclonic movements continued the time 
death, which occurred February 1956, the eighth week his illness. There 
had been obvious ataxia action tremor the right arm. For the last week had 
been doubly incontinent. The blood pressure had throughout his illness been within 
limits. The blood count and blood urea were normal. The W.R. and P.P.R. 
were negative. The E.S.R. was (Westergren). The cerebrospinal fluid was 
normal. Bilateral percutaneous angiography January 11, 1956, revealed 
the callosomarginal arteries the right. ventriculogram showed generalized 
ventricular dilatation. X-ray the chest revealed poor aeration the lower 
zones the right. 

The first EEG was taken January between three and four weeks after the onset 
his illness. This showed normal alpha activity c/s with average amplitude 
the occipital regions but mainly the left side. was intermixed with 
some slower potentials c/s similar voltage. the fronto-central and temporal 
regions there were periodic runs semi-rhythmical delta potentials mainly 1-5 c/s 
with amplitude 200 microvolts. This slow activity was more widespread and 
more marked the right side, being intermixed the left with alpha potentials 
even the central leads. intermitted periodically give lower voltage pattern 
activity theta and alpha frequency but with also some faster potentials. times 
was associated, but only the right side, with regularly recurring diphasic sharp 
waves. record taken three weeks later showed greatly increased slow activity. 
The alpha rhythm had largely disappeared and generalized synchronous sharp wave 
complexes dominated the record all leads. They recurred somewhat irregularly 
frequency about one second and were followed slow wave. The rhythmical 
delta activity continued all areas. 


Post mortem.—The post-mortem examination was carried out forty-eight hours 
after death Dr. Williams. revealed healed pulmonary tuberculosis the 
right upper lobe with extensive adhesions the apex and base and extensive bilateral 
basal bronchopneumonia. For the rest the relevant findings were confined the 
brain which weighed 1,370 grammes but appeared nevertheless small and showed 
cortical atrophy, more marked the frontal and parietal areas. There was general 
congestion both hemispheres and marked thickening the leptomeninges (there 
being lymphocytes, occasional neutrovhils and lipid-containing cells present). There 
was atheroma the basal arteries. Coronal sections showed abnormality other 
than mild degree ventricular dilatation including the third ventricle. 

microscopical examination status spongiosus moderate severity was especially 
marked the temporal lobes and predominantly the second and third convolutions 
(Figs. and 16). extended throughout the whole depth the cortex, 
involving all layers but especially the middle layers and was identical form that 
Case was less marked the occipital and frontal regions the brain but was 
present the occipital lobe the mesial and superior aspect although absent the 
striate and parastriate areas. the frontal cortex was most evident the first and 
second convolutions. was minimally present the central cortex and the region 


the insula. 

the temporal lobe the cortical architectonics were considerably disorganized 
cell loss especially layers and well the status spongiosus. the outer 
layers small areas were denuded nerve cells mostly relation the gross 
spongiform lesions while many residual cells showed acute changes consisting 
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pallor, granular degeneration the nucleus actual dissolution the cytoplasm 
and vacuolation the nucleus. Some cell bodies appeared dissolve were into 
the cavities the spongiform tissue while others the deeper layers were displaced 
such cavities but presented relatively normal appearance. Pale fragments 
nerve cells were also occasionally seen. the deeper layers loss nerve cells was 
less and large numbers were normal but pale. The internal granular layer was 
conspicuous because the general pallor the cortex. Here there was some loss 
neurones and increase neuroglial cells. The increase these cells was present 
the outer layers also: many them, however, showed regressive changes and 
others the cell bodies were involved the tissue destruction. Shrinkage small 
nerve cells was little evident this region. the molecular layer was difficult 
identify any nerve cells the considerable astrocytic proliferation. Microglial reaction 
was hardly evident the Nissl preparation but many such cells various stages 
repletion were revealed Penfield-Cone impregnation. There was slight degree 
status spongiosus the subiculum and possibly some loss cells the Sommer 
sector Ammon’s horn. 

the frontal cortex apart from the areas status spongiosus the cell layers were 
better preserved but there was everywhere present some general pallor the cortex 
and considerable neuroglial proliferation masking some loss neurones, especially 
the granular layers. Some shrunken nerve cells, similar those described the 
previous cases, were present the outer granular layer. 

Focal acute cell changes with actual loss some large pyramidal cells were present 
the deeper layers regions without obvious status spongiosus. The pathological 
changes although widespread the frontal lobes were nowhere exceptional severity; 
they varied intensity from point point but tended more marked the 
summits the convolutions. The picture was much the same the central cortex 
and the region the insula where foci status spongiosus were sparse. 

the occipital cortex the severity the pathological changes was again similar 
except that here more shrunken cell forms were present the granular striate areas. 
Apart from this little difference between the striate and parastriate areas between the 
medial and lateral surface the occipital lobe was evident. the parastriate cortex 
area pallor involving the second and third layers was noted, approximately 
equal breadth and depth and clearly vascular origin. 

the caudate nucleus there was early status spongiosus; this condition its 
earliest phase seeming consist “‘bubbles” varying size tending aggregate 
but not necessarily coalesce. These bubbles were noted contiguous normal- 
looking capillaries along one side nerve cell. The nerve cells showed 
diminution large forms, the remainder them being fatty. The small nerve cells 
too were fatty. Microglial cells were slight excess. Astrocytes were present 
increased numbers with varying amount fibre formation which general was 
poor except the juxtathalamic part. 

the putamen the large cells were also diminished numbers. There was probably 
some increase astrocytes but Cajal preparations their processes were indistinct. 
the pallidum there was swelling nerve cells but appreciable loss. The 
astrocytes showed slight proliferation and their processes were well marked. 

The cells the thalamus were unusually fatty and there was moderate proli- 
feration astrocytes. Cell loss was not evident but the medial nucleus there was 
status spongiosus degree similar that the caudate. Astrocytic proliferation 
was rather more evident the medial than the lateral nucleus and few microglial 
cells were noted. 

The Purkinje cells the cerebellum were often displaced well out into the molecular 
layer, appearance noticed both celloidin and paraffin blocks. The 
the Purkinje cells was always the apex the folia and especially the surface. 
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Some the Purkinje cells were missing but there was proliferation the cells 
Bergmann’s layer. The cells the dentate nucleus were rather small and contained 
much lipochrome. 

The cells the substantia nigra were normal but water change was rather prominent 
the cells the periaqueductal grey matter. Some the pigmented cells the 
locus coeruleus were vacuolated. Cajal preparations showed some evidence recent 
astrocytic proliferation spread diffusely throughout the midbrain. There was loss 
cells the olives but they were small and inclined fatty. Other cells the 
medulla showed varying degrees fat change and occasional cytoplasmic vacuoles. 
There was slight astroglial proliferation. The spinal cord was not available for 


examination. 


Case 

Summary.—A 58-year-old auditor was taken ill after the removal two teeth under 
gas. His symptoms began with muzziness the head, and unsteadiness, progressing 
confusion, forgetfulness, myoclonic jerks the fingers, hands and arms and 
inarticulate state. The course the disease was thirteen weeks. 

The cerebral cortex all areas except the hippocampus showed moderate and more 
less equal degree degeneration and loss neurones with astroglial reaction. 
Pathological changes were minimal the basal ganglia. 

58-year-old auditor was well except for alveolaris 
when November 29, 1957, had two teeth removed under made 
normal and rapid recovery from the anesthetic and walked home, but five days later 
complained feeling muzziness the head, especially turning the head 
quickly, and also vague aching the back the head, the neck and across the 
shoulders. was unable sleep. Two days later was bothered with involuntary 
movements the limbs more especially when lay bed. complained that 
either his leg his arm would “‘shoot out quickly” and that when dozed off his 
limbs would jump and waken him up. Two weeks after the first extraction further 
six teeth were removed under with change his general condition. Eight 
days later, however, when returned work noticed that his movements were 
very slow and had difficulty walking losing Because the 
jerking his limbs was bad night slept separate bed from his wife. 

Approximately six weeks after the onset the illness his memory began fail; 
could not remember things told him after few minutes. complained 
feeling muddled and could not sign his name remember the day the week. 
Soon became unable dress without assistance remember the names his 
friends whom seemed not recognize. would forget shave. these mental 
symptoms progressed his walking became more uncertain and had use stick. 
had two attacks each lasting about thirty minutes which shook all over 
without loss consciousness. was seen psychiatrist and given electro- 
convulsive therapy January 31, 1958. Because progressive deterioration, was 
admitted the Brook Hospital February 

When examined February 12, 1958, responded simple forceful commands 
but failed touch his nose when requested so. Though apparently giving his 
undivided attention all questions evoked simple reply. was able 
give his name clearly but there was spontaneous speech. The legs were held 
extended position, but would flex them command. The tendon-jerks were 
brisk and equal and the plantar responses flexor. Frequent diverse non-rhythmic 
small myoclonic twitches were seen fingers, hands and arms, varying distribution 
and the muscles affected. Occasionally they were widespread and synchronous 
they became augmented force causing flexion with adduction the arms. Pain, 
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tactile and auditory stimuli only rarely provoked myoclonus and myoclonic 
movements facial muscles were obtained. Spontaneous purposeful voluntary 
movements were well co-ordinated. His demeanour was rule docile but times 
would become contumacious and restive. His blood pressure was 100/80. 

week later did not appear recognize his wife, and had become inarticulate. 
Both arms were outstretched command, but the right arm now showed 
movements. Myoclonus, which was mainly evident the upper limbs and 
shoulders, was observed while was asleep. The plantar responses were now extensor. 

Gradually passed into “‘pseudo-wakeful state,” his posture becoming more 
fixed with arms flexed, legs extended and all limbs showing increased resistance 
passive movements. was now incontinent and the myoclonus was less evidence 
than before. remained this state for some twelve days before his death 
March 1958 which was preceded stridor for some hours. The total duration 
the illness had been thirteen weeks. 

The blood Wassermann was negative and the cerebrospinal fluid, blood count, 
blood urea, serum calcium, serum proteins, including electrophoresis, zinc sulphate 
test, thymol turbidity and flocculation tests, serum bilirubin, and serum alkaline 
phosphatase were all within normal limits. abnormality was seen chest and 
skull radiograms. 

The EGG (figs. and 18) first recorded February 12, 1958, was very abnormal. 
Sharp wave complexes with amplitude 300 and recurring approximately 
twice per second were the dominant feature. They were for the most part monophasic 
diphasic and only rarely polyphasic. They appeared all leads synchronously, 
but varied greatly form the different leads and were generally higher amplitude 
the fronto-temporal areas than elsewhere and more the left side. They might 
repeat fairly regularly, separated slow wave with associated faster potentials 
mainly alpha and theta frequency interrupt random. Generalized periodic 
intermission was only infrequently seen. 

Considerable activity alpha and theta frequency appeared the posterior leads 
between the lower voltage complexes, but the normal rhythms were completely 
disorganized. Further records, the last being taken February 28, 1958, were 
essentially similar except that some the bilaterally synchronous complexes were 
very fast and polyphasic form. 


Post mortem.—The post-mortem examination was undertaken one and half hours 
after death Dr. Sacker. Nothing abnormal was found except the central 
nervous system. 

Dr. Heald the Department Biochemistry, Institute Psychiatry, 
University London, kindly reported follows grammes cortical tissue 
removed necropsy. “The oxygen uptake glucose saline, the response 
electrical stimulus, phosphocreatine levels and lactic acid production were examined; 
the resting oxygen uptake was much lower than normal, and decreased during 
ninety minute experiment. There was response whatever electrical stimulus. 
The phosphocreatine levels were extremely low, even after incubation glucose saline. 
Lactic acid production was very high indeed. These observations are similar those 
found with tumorous tissue such glioma, but the lactate production was higher 
than with some gliomas. Inability respond electrical pulses and the low phospho- 
creatine levels are keeping with loss co-ordinated functioning the tissue. 
difficult assess just how much the tissue had deteriorated after death, before 
investigation had commenced. Generally however period one and half hours 
after death, never completely obliterated all response electrical pulses, and think 
that this case deterioration after removal does not explain the abnormal 

The fixed brain weighed 1,250 grammes but this excluded the left temporal lobe 
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which had already been removed for chemical study. Externally, there was some loss 
substance the frontal lobes and also the precentral and post central gyrus. 
section there was ventricular dilatation. 

Microscopically, well-marked pathological changes, consisting loss and 
degeneration neurones, were present all areas the cerebral cortex examined. 
There did not appear any great difference the degree involvement 
different regions but these changes were, however, less severe than previous cases 
and status spongiosus was not seen. 

The architectonics the Nissl preparations were not greatly disturbed although the 
horizontal were somewhat accentuated pallor the third cortical layer 
and increased cellularity the external and internal granular layers, the latter being 
due the proliferation neuroglial cells. The pallor the third layer indicated some 
loss cells and there were small areas scattered irregularly through this layer, 
and also other layers from which small groups neurones had disappeared. 
These small areas were irregular distribution and size, but was relation them 
that the most severe neuronal changes were seen. These changes consisted pallor, 
irregularity cell body and nucleus, with fragmentation processes more severe 
dissolution the cells, resulting only residual fragments the cell body nucleus 
remaining. Less severe acute cell changes showing pallor, swelling and vacuolation 
cell body were little evident this case. 

the granular layers there was also acute disintegration and loss neurones, and 
only here were shrunken cell forms found any extent; they were not numerous but 
everywhere present and varying greatly size. some, the nucleus was irregularly 
round oval, shrunken and darkly stained with minimal cell body. Others 
corresponded more size the original neurone but the nucleus was always 
irregularly shrunken triangular. The cell body was also irregularly triangular and 
varied amount from thin, barely detectable surrounding membrane 
moderately sized cell body, with, times, thin, faint shrunken processes. many 
these the cell body, the hematoxylin and eosin preparations, appeared pinker 
and more homogenous than the more normal neurones; fat was detectable 
these cells. There was, however, clear area adjacent the nucleus other shrunken 
cells and these did contain fat. Large numbers neurones were relatively well 
preserved although there was some granular degeneration the nuclei many and 
also excess lipoid granules was present. 

the molecular layer occasional well-preserved neurones were seen but others 
were shrunken fragmented. the three outer layers the neuroglial proliferation 
was most intense but the cells, generally smaller than the granular nerve cells, were 
easily distinguishable from them. They had little cell body visible the Nissl 
preparation and this was times irregular and fragmented. Some multinucleated 
cells were present the molecular layer, but large swollen gemistocytic cell bodies 
were not seen. Many the neuroglial cells, however, did contain droplets fat. 
Fibre formation was not marked and was best seen the outer layers. 

These changes were present all parts the cortex examined; they varied from 
point point along the cortex but was not possible make out any striking 
difference between the main cerebral regions. the granular occipital cortex, 
proliferation was intense and obscured neuronal cell loss; the neuroglial 
cells were often larger than the smaller somewhat shrunken granular cells. The motor 
cortex was also involved but the Betz cells were well preserved. The large pyramidal 
cells the hippocampus were intact, and this region definite pathological 
changes glial proliferation were present: particular there was loss cells 
Sommer’s sector. Corpora amylacea were plentiful the subependymal white matter 
the temporal lobe and there was some granularity the ependyma the lateral 
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Pathological changes all other regions the brain were minimal absent. 
There was probably slight cell loss, with some glial proliferation the caudate nucleus 
but changes were nowhere striking definite. the thalamus there was fatty 
degeneration neurones. significant abnormalities could found the 
cerebellum brain-stem. The blood vessels showed significant changes. The 
spinal cord was not available for examination. 


Case 


Summary.—A 47-year-old woman developed subacute cerebral illness seventeen 
months after bilateral frontal leucotomy for cbsessional neurosis. The symptoms 
included giddiness, mental confusion, loss memory and myoclonic movements the 
limbs and face. The duration illness was eight weeks. Loss and alteration neurones 
with marked astroglial reaction was found all areas the cortex with the exception 
the hippocampus. Less severe changes were also present the basal ganglia, the 
thalamus showing well-marked secondary degeneration following the bilateral frontal 
leucotomy. 


Hospital/5969—a housewife aged had been seriously 
incapacitated for some ten years obsessional neurosis, her main phobia being 
that she might harm her family some mistake the preparation food. 
Accordingly she continually washed her hands, repeatedly boiled the cooking utensils 
and strained the milk carefully. She was also subject periods depression 
associated with bouts crying. For these symptoms frontal leucotomy was advised 
and this was carried out Mr. Knight, February 1956, cortical undercut 
operation being performed both sides. There followed rapid and progressive 
improvement her symptons. She remained reasonably well until some seventeen 
months later when she began complain intermittent double vision and giddiness. 
These symptoms, which were first noted July 18, 1957, interfered with her activities 
and diversions that one occasion she was prevented from cooking meal and 
another she had retire from excursion because she was dizzy and sick. 


Approximately three weeks later, her behaviour became erratic. She failed 
prepare the family meals, gave erroneous information about her husband’s where- 
abouts and purchased over-generous presents. She became muddled her 
conversation and forgetful that her husband arranged for her stay with relatives. 
She quickly became worse, appeared unable feed dress herself, failed recognize 
relatives and friends and had difficulty walking. She was admitted the Brook 
hospital September 1957. She then lay immobile her back with head turned 
the right, eyes widely open looking vacantly into space and insensible any but 
occasional painful stimulus. Her arms were flexed the elbows, the legs extended. 
The left wrist was flexed and the left leg inverted. intervals there occurred variable 
clonic jerks the muscles limbs face either rhythmic succession random 
fashion, and they were especially liable occur association with periods irregular 
breathing. Occasionally the head was continuously turned from side side and 
these times disturbance conjugate eye movements could detected. Handling 
the patient occasionally provoked series clonic jerkings. Plantar responses were 
flexor type. The blood pressure was 105/70. Until her September she 
remained with temperature fluctuating irregularly between 100°-101° but 
occasionally reaching 102°. 


September electroencephalogram showed irregular intermixture 
activity mainly delta and theta frequency with average amplitude 100 
all areas. The delta potentials varying between and c/s were for the most part 
random but the theta potentials c/s were often semi-rhythmical. Here and 
there potential changes alpha frequency were present and sharp waves, sometimes 
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diphasic (possibly the earliest stage the formation the typical complexes) were 
numerous especially when the slower potentials were most predominant. 


Another record taken the day before death when the patient was unconscious 
showed different pattern with continuously recurring bilateral sharp wave complexes 
about twice per second but varying greatly form even the same lead. They 
had average amplitude 300 and were separated single slow wave 
when most repetitive. Intermission was brief and irregular occurrence and, 
despite the apparent deep unconsciousness, some low voltage activity theta and 
alpha frequency persisted. 


Necropsy.—The post-mortem was performed the day after death Dr. 
Williams. The general examination disclosed nothing pathological. 


Brain.—The brain when fixed weighed 1,216 grammes. was compact, firm 
consistency, with slight atrophy the frontal gyri, and with localized thickening the 
leptomeninges consistent with the leucotomy wounds. The basal blood vessels 
appeared healthy. 

Microscopical examination the cerebral cortex did not reveal status spongiosus 
but everywhere abnormal changes were present consisting patchy loss alteration 
nerve cells with astrocytic proliferation extending through all cortical layers and 
giving rise much fibre formation especially the outer layers. 

These changes, although widespread, were nowhere extreme intensity and 
striking differences between the main cortical regions were not found. The occipital 
cortex was most affected. Here new-formed astrocytes led places thick cellular 
margin between the molecular and external granular layer where many shrunken 
nerve cells were present. These had easily recognizable cell body staining pinkish 
with eosin and containing some fat while the nucleus was dark, shrunken, triangular 
irregular. Small nerve cells could also recognized the process dissolution and 
some had apparently disappeared completely. the deeper layers foci where few 
cells had disappeared and where the residual cells showed acute changes were readily 
recognizable all fields but the general laminar pattern persisted and wide areas 
were denuded nerve cells. 

the temporal lobe the changes were most marked the second and third temporal 
convolutions and minimal the hippocampus. There was some patchy loss cells 
Sommer’s sector. The central cortex was less affected than the insular regions and 
there was loss significant alteration Betz cells. the frontal lobe the pre- 
frontal leucotomy lesion undercut the lateral part the third frontal convolution 
considerable depth; surrounding the lesion there was necrosis tissue and 
intense neuroglial reaction typically gemistocytic type the junction with normal 
tissue. the other frontal convolutions, especially the first, the characteristic 
pathological changes were well marked. Some loosening the substance” 
was evident and also considerable loss neurones. Also this region some 
microglial reaction was present. Apart from the white matter adjacent the opera- 
tion area loss myelin was noted. There was, however, some slight generalized 
overgrowth astrocytes the white matter subjacent the cerebral cortex and 
this point there was some pallor the myelin preparation. the putamen, caudate 
nucleus and amygdaloid nucleus some loss nerve cells with astroglial reaction was 
present and also the globus pallidus there was definite reduction nerve cell 
population. the basal ganglia, however, the thalamus was most severely affected 
and all nuclei showed degenerative changes with considerable neuroglial proliferation. 
Loss neurones consequent upon the leucotomy was evident the dorsomedial 
nucleus. the brain-stem, cerebellum, and spinal cord, apart from some random 
neuroglial proliferation, significant abnormalities were found. 
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Case 


Summary.—A 58-year-old schoolmaster began complain lassitude and this was 
followed irritability, unsteadiness gait, nystagmus, dysarthria. had slight 
hypertension and died ten weeks later. Necropsy revealed rudimentary left 
kidney and gross hydronephrosis the right. There was widespread loss and 
degeneration nerve cells with astroglial and microglial reaction the cerebral cortex 
most severe the occipital lobes. All other regions the cortex were equally involved 
lesser degree except the hippocampal gyrus which was only slightly affected and the 
hippocampus which was spared. The changes the basal ganglia were minimal. 


deputy headmaster, aged 58, was well until April 1958, 
when without difficulty worked out the school time-tables for the next term, task 
requiring some ingenuity. Soon after this felt tired and April consulted his 
doctor. was given sick leave and, except for some desultory gardening, remained 
idle and disinclined undertake any other task including reading. could not 
describe how felt. Some four weeks after the onset symptoms, his wife began 
disturbed night his repeated violent kicking his sleep. These involuntary 
nocturnal movements persisted and were still occurring when was admitted 
June the Brook hospital. then had grown unduly irritable over trifles 
and had become unsteady walking complaining loss balance and shakiness 
his hands, especially obvious when handling cup tea. 

examination considerable dementia was evident for was unable remember 
the Babcock sentence even after the eighth attempt, and could not recall short story 
after four minutes. was unable repeat six number series accurately. The 
salient neurological abnormalities comprised coarse nystagmus conjugate lateral 
deviation the right, action tremor performing the finger-nose test, reeling gait 
and slurred speech. 

EEG performed July was very abnormal although recurring sharp wave 
complexes like those seen all the other cases were recorded. Some activity alpha 
frequency was present posteriorly but was not dominant and much activity slower 
frequency down c/s also occurred moderate voltage. Anteriorly the voltage 
was higher, 120 and much rhythmical activity 4—6 c/s was present both 
hemispheres intermixed with slower and more random delta potentials. These were 
little more prominent the right side. Jerking the head and shoulders was 
noted once during the recording and this was associated the EEG with diphasic 
sharp wave both frontal leads. There was occasionally some generalized build-up 
the slower potentials with obliteration the faster rhythms posteriorly but this 
was not marked feature and recurring intermission the slower potentials was 
noted. 

The blood pressure was 190/100. The cerebrospinal fluid was normal. There was 
albuminuria but the blood urea June was mg. per cent. Air encephalography 
was performed July and one hour afterwards became violent and restless, 
flinging his arms and legs about. was quietened with paraldehyde and the following 
day ventricular tap revealed increased pressure. His condition deteriorated and 
July the blood urea had risen 265. died July 14, the total duration 
his illness having been ten weeks. 


Necropsy.—This was performed Dr. Saunders twenty hours after death. 
The left kidney was found rudimentary and infected, while the right kidney 
showed gross hydronephrosis. The bladder revealed chronic cystitis. The heart 
weighed 430 grammes, the chambers being dilated and the muscle soft and pale: 
The heart valves were normal. The coronary arteries and aorta showed moderate 
atheroma but the greater vessels were free. There was left basal bronchopneumonia. 
The liver weighed 1,650 grammes and showed fatty infiltration. 


544 NEVIN, MCMENEMEY, BEHRMAN AND JONES 


Brain.—The brain, which weighed 1,280 grammes, and its vessels showed gross 
changes but microscopical examination the pathology was similar that 
the other cases, the lesions being widespread the cerebral cortex with 
some loosening the “ground substance” although status spongiosus was not 
seen. 

the calcarine cortex considerable loss nerve cells was partly obscured 
remarkable degree proliferation astrocytes. This was general, but most striking 
the second lamina. Severe regressive changes were evident the protoplasm 
many neuroglial cells but gemistocytic glia were not seen. Many shrunken nerve cells 
were found the granular layers, especially the outer one; the nuclei these were 
larger and less densely stained than previous cases and were irregular and variable 
shape with well defined cell body staining often slightly yellowish the Nissl 
preparation contained fat. Some the cells the granular layers, although not 
reduced size, had pyknotic nuclei, which were eccentrically placed, irregularly 
elongated, and seemingly structureless. Early severe changes the granule cells 
apart from shrinkage appeared the hyperchromasia the nucleus with displacement 
the nucleolus against the nuclear membrane the cell body being ill-defined and the 
protoplasm apparently beginning break up. more advanced stage appeared 
the form severe dissolution the protoplasm, both and the nucleus staining 
pale and slightly granular. Many small residual fragments neurones were en- 
countered. was thought probable that the neuroglial nuclei were involved this 
cell dissolution but was sometimes impossible distinguish between residual 
neuroglial fragments and nerve cell fragments. The larger nerve cells lamine 
and were better preserved and some appeared normal: most however showed some 
hyperchromasia the nuclei while many were characterized acute changes with 
pallor, disappearance nucleus, fragmentation the cell body and here and there 
residual cell fragments. The oligodendroglia were reduced number: those 
remaining, not few were shrunken, irregular and under high magnification more 
pyknotic than normal. Occasional microglial cells were evidence here and there. 
The capillaries were structurally normal. the depths the calcarine cortex there 
was striking generalized pallor the deeper layers seen the Nissl preparation. 
Here, more cells had disappeared than the lateral walls the fissure while all 
remaining cells were pale with the exception the oligodendroglia which were 
densely stained and often had the Nissl small recognizable cell body which was 
noted stained distinctly with eosin. 

The remainder the occipital lobe showed changes similar the calcarine cortex 
but not marked. The loss cells was patchy and the astroglial proliferation less 
accentuated. The process, however, seemed more noticeable the depths 
the sulci. the white matter there was some excess astrocytes noticeable the 
perparations and also many microglial cells. the Holzer preparations some 
the former cells were large and hypertrophic. senile plaques neurofibrillary 
changes were seen. 

the frontal and parietal lobes there was moderate loss nerve cells, and 
microglial cells were present small numbers, with some shrunken forms. The 
superior and inferior temporal gyri showed changes moderate severity, with rather 
less the middle temporal gyrus. the gyrus fusiformis they were moderate 
degree but the gyrus hippocampus there were only slight changes nerve cells with 
corresponding increase astrocytes. the white matter Ammon’s horn Cajal 
preparations showed swollen astrocytes, but there was loss cells Sommer’s 
sector, elsewhere. Van Gieson preparations fibrosis capillaries was very 
evident the white matter the dentate gyrus and many calcareous granules were 
encrusted upon some them. this area too there were corpora amylacea small 
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The insula showed some astroglial proliferation most noticeably the outer two 
layers. 

The nerve cells the claustrum appeared normal but excess glia was noted. 
There were, however, few microglial cells. There was excess microglial cells 
and probably astrocytes the external capsule. The caudate nucleus appeared 
normal. the putamen astroglial proliferation suggested loss small cells, 
but the large ones appeared present normal numbers. 

the globus pallidus there was great deal calcareous deposit round some 
the capillaries and the media large vessels, but the nerve cells were normal and 
there was excess astrocytes. Astrocytes were present increased numbers 
the ventral and dorsomedial nuclei the thalamus, but the nerve cells appeared 
normal. the internal capsule some the nuclei the oligodendrocytes were very 
swollen. 

the cerebellum there was some diminution the number Purkinje cells but 
the loss was probably not significant. The dentate nucleus appeared normal with 
loss cells. Nothing unusual was noted the midbrain pons medulla. The 
spinal cord was not available for study. 


DISCUSSION THE PATHOLOGICAL CHANGES 

The pathological changes these cases affected predominantly the 
cerebral cortex. Although varying intensity and stage development 
from case case they were essentially the same order all and 
resembled the changes found the cases referred the introductory 
section. case described Fischer (1911) the course discussion 
status spongiosus appears the earliest recorded instance the 
disease subacute form. all therefore cases have far been 
reported and others (Dragonescu, 1956, for instance) may have been 
reported under different titles. 

The cortical lesion consists essentially destruction and loss nerve 
cells all layers occurring without obvious pattern. may severe and 
the loss may involve astrocytes well nerve cells and associated 
with status spongiosus. 

earlier and less severe stages the disease the completely destroyed 
neurones may not numerous but many those remaining show 
pathological changes acute kind consisting chromatolysis, 
fragmentation and dissolution the larger cells and shrinkage the 
smaller ones; the latter the pyknotic triangular nucleus may constitute 
most the neurone which remains. The astrocytes and the oligoden- 
droglia are destroyed the softened areas cortex and other parts 
one may see partial dissolution the astrocytes regressive changes 
characterized swelling loss processes; intense proliferation 
the astrocytes is, however, striking feature damaged cortex and not 
unlike that which seen secondary nerve cell loss after anoxia; indeed 
times gemistocytic glia are seen filling the cortex especially the outer 
layers. Glial fibre formation can considerable especially lamine 
and but generally scanty the deeper layers. Microglial activity 
often minimal but diffuse permeation the cortex with histiocytes 
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containing sudanophilic fat can indicative severe and rapidly 
developing lesion. Destruction myelinated fibres and axis cylinders 
may little evident apart from the areas status spongiosus but where 
the disease has been severe considerable destruction the fibre bundles 
the cortex may occur. 

Apart from the presence ischemic softenings the white matter has 
been relatively little affected the cases far described. Secondary 
degeneration the myelin the cerebral hemispheres and brain stem 
consequent upon atrophy the cerebral and cerebellar cortex has, however, 
been reported (Foley and Denny-Brown, 1955; Meyer, Leigh, and Bagg, 
1954), while Jacob (1958) have described their first case lightening 
the centrum ovale and areas myelin loss some the cerebellar 
folia with status spongiosus extending some extent from the gray 
matter into the white matter the apex the convolutions. Such changes 
are slight, however, comparison with the gross lesions the cerebral 
grey matter but they indicate the possibility that more widespread 
involvement the white matter may found future and especially 
longer-surviving cases. the basal ganglia the changes are the same 
order the cerebral cortex but less severe although status spongiosus 
has been observed occasions the corpus striatum and thalamus and 
once the globus pallidus. these ganglia loss nerve cells, pallor 
some the surviving cells and acute cell changes also occur but cell 
shrinkage seen the cortex has not been observed. The cerebellum 
can also severely affected (Foley and Denny-Brown, 1955). 

have already pointed out some authors regard this condition 
now under review variant the Creutzfeldt-Jakob disease but 
consider that fundamentally different and propose now refer 
subacute spongiform encephalopathy spongiform cerebral atrophy 
suggested Jacob (1958). This title not entirely satisfactory, 
definite status spongiosus not constant, although loosening the 
ground substance evident all cases. 

Heidenhain (1928) distinguished his cases from Jakob’s pseudosclerosis 
the distribution the disease and the nature the nerve and glial 
cell changes. However, suggesting that Kirschbaum’s two examples 
Jakob’s pseudosclerosis should grouped along with his own cases 
degeneration” appears have confused the issue. The 
further experience afforded the publication many instances 
Jakob’s pseudosclerosis and already some cases subacute spongiform 
encephalopathy similar that described Heidenhain leaves doubt 
that the two diseases are unrelated. the light this further experience, 
the pathological differences may set out follows: 

(1) The distribution the cortical lesions Jakob’s pseudosclerosis 
maximal the temporo-central regions whereas subacute spongiform 
encephalopathy any region the cortex may maximally involved, 
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with special predilection for the occipital lobes which have far been 
affected with notable constancy. 

(2) Degeneration the motor nuclei the brain-stem and spinal cord 
and primary degeneration myelinated tracts characteristic Jakob’s 
pseudosclerosis does not appear occur. 

(3) Heidenhain pointed out that cell shrinkage was more common 
his cases than Jakob’s pseudosclerosis. Not only this but more 
important the cell shrinkage seen subacute spongiform encephalopathy 
differs fundamentally from that present Jakob’s pseudosclerosis. 
this latter disease shrinkage the whole cell occurs and the staining 
dark, the nucleus round oval, while the nucleolus and the cell 
processes may visible, there being often corkscrew apical dendrite. 
the cases described this paper, however, irregular triangular, 
darkly stained nucleus the predominant feature. minimal cell body 
with some instances globule fat with faint cell processes the most 
that can seen the cytoplasm and often even this absent. This 
homogenizing change the smaller ganglion cells the cortex does not 
occur Creutzfeldt-Jakob disease. Also the acute changes the larger 
nerve cells are different: Creutzfeldt-Jakob’s disease atrophy and 
degeneration occurring with sharp staining the altered cells, the 
disease under consideration dissolution fragmentation neurones with 
indefinite staining the altered cells and also those relatively well 
preserved. The numerous indistinct cellular fragments varying size 
and shape present the cortical background spongiform atrophy 
somewhat unique pathological change not seen the Creutzfeldt-Jakob 
degeneration. 

(4) The emphasized Jakob his disease 
not occur subacute spongiform encephalopathy. 

(5) The behaviour the astrocytes differs the two diseases. The 
glial rosettes and neuronophagia Creutzfeldt-Jakob’s disease not 
occur subacute spongiform encephalopathy and the latter disease 
wide stretches the outer layers the cortex may embedded 
speak richly proliferated mass gemistocytic-like glia and also 
more severe lesions similar diffuse widespread reaction fat granular 
cells may present. These two appearances are not seen even the 
most rapidly developing cases Jakob’s pseudosclerosis. 

(6) Finally status spongiosus the form and extent seen the 
cortex and basal ganglia subacute spongiform encephalopathy 
absent Jakob’s pseudosclerosis. known that some degree 
status spongiosus formation can occur the latter disease but this 
consists some break-up the tissues between the cortical laminz and 
rarely widely distributed throughout the cortex. Stender’s (1930) 
cases status spongiosus described the deeper layers the cortex 
cannot made out the illustrations and Kirschbaum’s (1924) case 
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the illustrations the status spongiosus there found show that was 
quite different from that seen the disease now under consideration and 
could even artefact. 

seems clear therefore that there are pathological grounds 
which subacute spongiform encephalopathy described this paper can 
related the Creutzfeldt-Jakob disease. 

Jacob al. (1958) have also concluded that the 
Prozesstrucktur” cortical atrophy” different from that 
Creutzfeldt-Jakob’s disease. These authors, however, 
clinical similarities between the two conditions and suggest that they 
grouped together clinically along with other subacute encephalopathies 
described the French School (Poursines 1953, and Garcin 
1950). This clinical grouping together pathological distinct disease 
processes doubtful value; moreover, the cases this paper show, 
the overall clinical picture subacute spongiform encephalopathy and 
Jakob’s pseudosclerosis very different although acute organic 
confusional state can develop over six twelve weeks the latter disease. 
The cases Poursines a/. and Garcin appear more closely related 
Jakob’s degeneration than spongiform cerebral atrophy. 

Status spongiosus has been noticeable feature instances the 
disease under discussion and some them has been striking. was 
demonstrable the biopsy specimen Jones and Nevin’s first case 
(1954). Fischer’s (1911) description the lesion cavities varying 
size occurring bunched together throughout the whole cortex with 
myelinated and unmyelinated fibres running scarcely injured the bridges 
between the vacuoles. This how appeared the present cases. 
the reports Hallervorden (1930), and Meyer, Leigh and Bagg 
(1954), however, the status spongiosus finer meshed and more diffuse 
the cortical layers. The appearance this lesion therefore may vary 
somewhat from case case, but generally widespread all cortical 
layers and not intralaminar confined one layer. Fischer (1911) 
his case considered that toxin was the most probable cause the tissue 
destruction and also the other examples status spongiosus cited 
his paper including six paretic brains and five from senile patients with 
aphasia and dementia, which were naturally not without some degree 
cerebrovascular disease. 

clear that status spongiosus can occur the cerebral grey matter 
under variety pathological conditions which fall into two main 
groups; first, those wherein destruction neurones follows degenerative 
(Pick’s disease, Alper’s disease) toxic metabolic process (hepato- 
lenticular degeneration); and secondly, those where vascular factor 
probably present such the arteriosclerotic brain and air embolism: 
the former focal destruction and fluid accumulation may outstrip glial 
repair while the latter serous exudation even dehydration 
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(Hallervorden, 1957) may combine with nutritional failure give the 
spongiose lesions. Even general paralysis the insane when status 
spongiosus occurs Bielschowsky (1919) and Merritt and Springlova (1931) 
considered the vascular factor important one. The exact nature the 
the brain has not been established. Bok (1940) 
considers that consists mucopolysaccharides regularly disposed 
honeycomb-like cavities separated from each other nerve glial fibres. 
There is, however, the other view favoured Lumsden (1955) that the 
processes the astrocytes alone make the “ground the 
brain, while electronmicroscopic studies certainly seem support the view 
that independent entity does not exist (Hager, 1959). this 
true then degeneration the astrocytes postulated 
Foley and Denny-Brown (1955) could responsible for cavitation the 
tissues and might possibly cause destruction neurones cases where 
cavitation was sufficiently extreme injure nutritional exchange between 
the blood vessels and the neurones. has been seen, however, the nerve 
cells are damaged subacute spongiform encephalopathy areas the 
cortex where cavitation minimal and there fact direct relation- 
ship between the severity the symptoms and the status spongiosus. 
Moreover, the intense proliferative reaction the astroglia which 
sometimes occurs against any specific degenerative process affecting 
these cells. seems the whole therefore that there little support 
the view that the primary trouble lies with the astrocytes. inadequacy 
the astrocytes bridge gaps occurs status spongiosus all kinds 
but doubtful Spielmeyer’s conception that status spongiosus 
softening due failure the neuroglia proliferate useful one 
because with the exception hepatolenticular degeneration there 
evidence suggestive any primary toxic degenerative effect the 
astrocytes. The factors that give rise this non-specific type lesion, 
except possibly the acuteness and severity the neural tissue destruction, 
are little understood. 

spongiform cerebral atrophy degenerative disease then 
class itself, unrelated other known degenerations the central 
nervous system and like Creutzfeldt-Jakob disease, Alzheimer’s disease 
and Pick’s disease, without clue its The subacute course, 
the complete lack systematization the pathological process and the 
nature the neuronal and neuroglial changes make difficult envisage 
purely degenerative process any kind. is, however, possible 
envisage the pathological changes result some toxic, metabolic 
infectious disturbance but far evidence any such factors 
hand. significant abnormality pathological change apart from 
cardiovascular disease has been found autopsy any organ the 
body. Biochemical studies the patients have proved equally negative, 
but chemical abnormalities not detectable present methods may 
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present. The case described Dragonescu, (1956) under the title: 
Contribution the knowledge primitive encephalitis, possibly 
example subacute spongiform encephalopathy. this case the 
presence much perivascular cuffing inclined the author place 
the group encephalitides. The patchy nature the cortical disease and 
the haphazard arrangement the lesions say nothing the clinical 
picture makes viral infection possibility considered but the 
virtual absence cuffing most instances (it was feature our series 
only Case the presence such gross destructive lesions makes 
inflammatory improbable: moreover virological studies, per- 
formed few instances, have been negative and inclusion bodies have 
never been found. 

The history previous damage the brain several instances 
(Cases and has suggested that auto-immunity process could 
responsible for the disease. seems unlikely, however, the cause 
subacute spongiform encephalopathy which both nerve cells and 
astrocytes may involved the destructive process and which 
cellular infiltration any kind often wanting. 

That some failure vascular function with impairment fluid and 
nutritional exchange the brain the primary cause the status 
spongiosus and the cellular changes this disease, remains possibility. 
This view was put forward Jones and Nevin (1954). Although these 
authors recognized that there were adequate structural changes the 
vessels which could directly impair the blood flow and could not explain 
how the vascular disturbance arose, they tentatively postulated some 
dysfunction the blood vessels the mechanism which the lesions 
arose. The experience further cases while furnishing clue the 
reason the vascular failure make desirable that vascular etiology 
exhaustively considered. Indeed any other theory must give sound 
pathological explanation the indisputable vascular abnormalities that 
have occurred concomitantly. They have been found out cases 
and the resulting lesions are many instances age indicating that 
they took place within the time course the disease and cannot therefore 
considered terminal adventital relation the diffuse cortical 
degeneration. 

Fischer’s case (1911) the patient was years age; ten 
years previously had suffered left hemiplegia which improved 
and which autopsy was found due softening the right 
thalamic region. The onset his last illness was abrupt described 
having had another stroke resulting aphasia and clinical signs 
temporal lobe spongiose cortical atrophy possibly 
commenced abruptly the left temporal region spreading the four 
months that the patient survived, over both cerebral hemispheres. 
Heidenhain’s first case, man 55, there was atheroma the basal 
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vessels the brain and the aorta and coronary arteries. Microscopically 
there was atrophy and pallor the frontal cortex and pallor the 
caudate nucleus, vascular changes which could part the disease 
process and not agonal Heidenhain considered them be. his 
second case, man 53, status spongiosus was prominent feature and 
this Heidenhain described giving rise lateral displacement the 
myelinated fibres due fluid exudation into the tissue spaces. Patho- 
logical changes the cortex resulting from vascular stasis such degree 
impair fluid return could have been the cause these changes. 

Jones and Nevin’s first case several softenings were present the 
basal ganglia and adjacent white matter and the putamen well-marked 
softening existed alongside small area status spongiosus. Only clear 
evidence toxic metabolic cause for the status spongiosus would 
enable one postulate that the vascular softening was fortuitous 
terminal. Pallis and Spillane’s (1957) first case, woman aged 
whose blood pressure admission hospital was 150/95, subcortical 
hemorrhage cm. size was present the right temporo-occipital area, 
and their third case, woman with mitral stenosis, wedge-shaped 
vascular lesions the cortex were everywhere interspersed with the 
specific degeneration spongiform atrophy. Also will recalled that 
out the cases described this paper multiple softenings have 
been found, others, areas cortical pallor and further patients 
pallor the globus pallidus. 

The specific lesion the cerebral grey matter this disease such 
could arise vascular basis and fact the present state 
knowledge most easily understood such basis. The extent softening 
the cortex the most severe spongiform lesions, the pallor Nissl 
preparations, the dissolution neurones and the widespread gemistocytic 
and fat granule cell reaction that can occur are all changes suggestive 
underlying vascular pathology. The cell shrinkage, which its 
morphology approximates most closely the homogenizing cell change 
seen hypoglycemia, was noted occasions (in Cases and 
most severe the watershed areas between the fields distribution 
the three main cerebral arteries. Furthermore the haphazard location 
the lesions within area cortex and the absence any systematization 
would keeping with vascular etiology. Here may reminded 
that the oxygen consumption the grey matter approximately five 
times that the white matter and this may explain the earlier and greater 
involvement the grey matter that seems always occur. The 
predilection the smaller softenings located the junction between 
the white matter and grey matter also noted. 

The specific pathological changes have been found the right 
hemisphere man aged 80, dying the result left 
carotid thrombosis. The following brief account this patient 
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(under the care one us, J.) who suffered from diabetes and 
epilepsy and collapsed with loss consciousness 

hemiparesis twenty-three days before his death. Consciousness returned 

but the hemiplegia became complete over the next few days and motor 

aphasia developed. Nine days after the onset became less responsive 

and occasional myoclonic jerks the left arm and leg were seen which 

became more marked. Convulsions involving the left side his body 

occurred with increasing frequency and gradually became comatose 

and died from respiratory failure. The EEG showed low voltage 

pattern irregular slow potentials the left side but the right side 

high amplitude repetitive discharges sharp waves polyphasic waves 

occurred long runs separated periods with minimal activity. 

autopsy the left carotid and left anterior cerebral artery were occluded 
thrombus and the greater part the left hemisphere was softened and 

bluish colour, whereas the right hemisphere 

Microscopically the cortex this hemisphere (especially the temporal 
region) showed diffuse loss nerve cells with disintegration and shrinkage 
many remaining cells and foci fine status spongiosus the outer 
layers. The changes were acute, not such could attributed chronic 
cerebrovascular disease. They are presumed have arisen from failure 
circulation the right hemisphere following the left carotid occlusion 
accentuated narrowing the right posterior cerebral artery and 
possibly also cardiac failure. Why this type picture should occur 
instead patchy widespread infarction not clear. This the 
cardinal problem relation subacute spongiform encephalopathy 
general. Perhaps simply slowing blood flow the arteriole and 
capillary bed produced dilatation and fall pressure the main arteries 
which prolonged leads gradually progressive and spreading impair- 
ment nutrition and fluid exchange. vascular disturbances this 
order are the cause the cerebral lesions have clues their 
origin. possible that there are factors yet unknown controlling the re- 
activity the cerebral vessels and may relation some such factor 
that the explanation this disease lies. Apart from one two striking ex- 
ceptions the disease occurs elderly patients whom some failure vessel 
extraneous factors such removal tumour abcess electrical 
injury convulsion therapy. is, however, relatively rare even such 
individuals and some intrinsic vascular factor must present the nature 
which present obscure. The possibility dyshoria, i.e. defect 
the blood brain barrier, has been considered alternative mech- 
anism for the nerve cell, and sometimes glial cell, destruction but this 
diagnosis cannot established histological study alone. this 
theory, however, the presence focal areas softening several the 
cases not readily explicable. 
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Although have concluded for the reasons set out above that vascular 
dysfunction the cause the cerebral lesions subacute spongiform 
encephalopathy think inappropriate yet include under this 
title the cases cerebral degeneration described Alajouanine and 
Van Bogaert (1950) clinically not dissimilar from our cases and considered 
these authors result from vascular dysfunction. are the 
opinion that the pathological changes the cerebral cortex both 
instances, consisting rarefaction nerve cells layers foci with 
ischemic well homogenizing cell change, are not completely identical 
with those found the cases reported this paper. Also the basal 
ganglia rarefaction and pallor myelinated fibres relative the cell loss 
both this region and the cerebral cortex was much greater than that 
seen spongiform cerebral atrophy similar duration. The pathological 
process fact predominates the basal ganglia rather more than the 
cerebral cortex. probable that greater understanding subacute 
spongiform encephalopathy will show that Alajouanine and Van Bogaert’s 
cases are closely related but until this fuller understanding has been 


arrived seems best only include under this title cases identical 
all respects. 


conclusion attention must directed Heidenhain’s third case 
which altered sensation, loss function and spontaneous movements 
affected the left arm and lesser extent the right arm for some five 
years before the onset the subacute encephalopathy which lasted four 
months. There evidence the histological studies the brain 
any other explanation for the long-standing symptoms than that account- 
ing for the subacute encephalopathy. The spinal cord was not examined 
but unlikely that the symptoms could have been caused lesions 
that level. therefore assumed that the specific pathological 
change the cortex and basal ganglia can occur focally and progress 
slowly either gradually stages over many years. 


The significance this fact regard the possible nature the 
disease difficult evaluate. Hallervorden (1930) has drawn attention 
the possibility that the pathological process the subacute cases 
spongiform cortical atrophy may essentially similar that underlying 
slowly progressive and obscure focal atrophies the brain such that 
described Probst (1901) and when the pathogenesis the more 
numerous subacute cases fully elucidated then may possible see 
the significance the long history Heidenhain’s case. the meantime 
the possibility previous chronic and focal manifestations the disease 
must kept mind but does not seem appropriate the present 
state knowledge group together with the subacute cases the one 
two isolated chronic cases the literature spongiform cerebral atrophy 
the overall clinical picture which different. 


553 


554 NEVIN, MCMENEMEY, BEHRMAN AND JONES 


CLINICAL FEATURES AND EEG FEATURES 

The cases subacute spongiform encephalopathy here described 
together with others pathologically studied and reported the literature 
now number 23. The age onset has been most commonly between 
and years with most cases falling the sixth decade, but patient 
was only and were between and years age. Both sexes seem 
equally liable the disease. Nothing that could considered 
significant has been noted the family histories. 

Although the disease has commenced without obvious precipitating 
factors patients who had previously enjoyed good health, there has 
been others previous disease which may may not significant. 
patients had had previous cerebral thrombosis (Case and Fischer’s 
case, 1911), had hypertension (Cases and Jacob al., 1958, 
Cases and and one these also had renal insufficiency, another 
suffered from mitral stenosis (Pallis and Spillane, 1957, Case 3). 
patients reported here craniotomy had been performed sixteen, eighteen 
and sixteen months earlier for removal meningioma, cerebral 
abscess and for cortical undercutting respectively. lung infarct, 
thrombophlebitis and subphrenic abscess preceded the development 
the cerebral symptoms female patient (Jacob al., 1958, 
Case 4). anesthetic had been administered patient few 
days before the disease declared itself (Case 6). 

the clinical story the disease three stages varying much duration 
and symptomatology can often recognized. First, ingravescent 
stage which symptoms build up, times, almost imperceptibly, over 
several weeks. Secondly, phase which gross disturbances cerebral 
function are manifest, leading third terminal stage which death 
supervenes quickly life may prolonged vegetative state for 
many months. 

The onset abrupt there being usually difficulty assessing the 
exact commencement symptoms. These, apart from such general 
complaints, headaches, tiredness, giddiness, sickness, pains the 
limbs which are often present the outset but never conspicuous, may 
point initial involvement any region the grey matter the brain 
the disease process. Thus, the presenting symptom symptoms may 
impairment distortion vision, diplopia, stiffness, 
weakness loss control limb, dysphasia, inability think clearly, 
blunting memory, depression, irritability, drowsiness insomnia and 
walking and involuntary movements especially 
myoclonus. Once started the disease progresses steadily without inter- 
mission. The initial disturbances increase severity, new symptoms 
appear and their turn advance leading after period eight twelve 
weeks, sometimes little three six weeks, gross impairment 
cerebral function the height illness. This characterized dementia, 
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clouding consciousness, myoclonus and increasing immobility. These 
symptoms progress with steady deterioration the patient for some four, 
eight twelve weeks till typical terminal state reached and death 
results, life may prolonged careful nursing for several months. 

The more striking modes onset can now emphasized and the 
clinical features described detail. 


Visual Failure 

Difficulty seeing, blurring distortion objects looked were the 
first symptoms two patients (Case and Heidenhain, 1928, Case 1). 
This visual failure progressed for eight weeks before severe visual loss 
was present other significant symptoms had appeared. other 
instances where early visual disturbances were accompanied other 
symptoms (Case and Heidenhain, 1928, Case also took some four 
seven weeks for almost total blindness develop. Unfortunately 
visual field studies are available during the period developing visual 
loss but seems probable that increasing loss vision progresses over 
the whole field till blindness results. right hemianopia was present 
the fourth week one patient (Hallervorden, 1930) but nothing said 
about its manner development. only other patients failing vision 
blindness mentioned the later stages the disease. This note- 
worthy view the universal involvement the occipital lobes the 
pathological process and most probably due the clinical difficulty 
demonstrating visual sensory loss when severe organic confusional 
state also present. patients (Cases and known almost blind 
denied that they could not see, possibly due the general impairment 
mental function. Diplopia occasionally occurs early symptom and 
the possibility that this may cerebral polyopia (Bender, 1945) comes 
question view the absence pathological changes the brainstem 
and motor nuclei. 


Motor Paralysis 

Weakness loss control arm leg can the first and 
outstanding symptom progressing severe loss function much the 
same rate the loss vision just described. patient (Jones and 
Nevin, 1954, Case two weeks elapsed between the onset weakness 
the right arm and the right leg and this hemiparesis progressed for 
nine before the left arm and leg became affected and the final stage 
the disease set in. Such hemiplegia may show spasticity and 
extensor plantar reflex the same side and associated with cortical 
sensory loss. other instances unilateral motor disability having 
extended after two weeks from the arm the leg may progress more 
rapidly over three four weeks state immobility and rigidity 
which relatively fixed posture adduction and flexion the arm and 
extension the leg assumed. Here exaggeration the deep reflexes 
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may not evident and the plantar reflex may indeterminate. Such 
paresis usually becomes bilateral and the resulting quadriplegia 
striking feature the terminal phase. 


Speech Disturbance 


The sudden onset disturbance speech was the first symptom 
Fischer’s case (1911). This progressed and four months later speech 
understanding was impaired and nominal dysphasia and apraxia were 
present, indicating severe affection the left temporal lobe. 
Hallervorden’s case (1930) dysphasia was also initial symptom 
company with organic confusional state, but before the latter became 
extreme, alexia, apraxia, spatial disorientation and hemianopia the 
right could all demonstrated. Reluctance speak, difficulty finding 
and recognizing words, increase previous dysphasic defect 
have been observed several other cases the onset always 
association, however, with early mental symptoms. Such patients later 
have been almost speechless. Because the frequent onset dysphasia 
later the course the disease mutism common symptom, but 
noted that some instances speech function long preserved. 
These patients become increasingly more taciturn but when speech can 
elicited, perhaps short sentence two, verbalization and articulation 
not exhibit any gross abnormality. Dysarthria appeared early the 
cases Foley and Denny-Brown and slurring speech was also present 
early Case Echolalia was noted Heidenhain (1928). 


Cerebellar Symptoms 


Some unsteadiness gait frequently complained the early 
stages, but instances, Case and Foley and Denny-Brown (1955), 
Case ataxia was prominent initially suggest early affection 
the cerebellum. such cases and also others where early but 
not isolated symptom ataxia may conspicuous feature till the height 
the disease reached when progressive immobility sets in. 


Mental Symptoms 


Mental change may the first symptom presumably because early 
involvement the frontal and temporal cortical fields the disease. 
can occur alone but more often associated with headache, giddiness, 
sickness motor disturbances such clumsiness, sense instability, 
myoclonus, and also dysphasia. The inaugural event may realization 
the patient that unable attend the ordinary affairs life 
with his accustomed vigour and this stage the disability may not 
apparent those around him. Within short time the patient has 
give his work and slowing thought processes, extreme forgetfulness, 
loss spontaneous activity and disregard for established conventions 
become evident. Previously even-tempered, patient may become 
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irritable and depressed. Case for instance this stage his illness 
received electrical convulsion therapy. Confusion and disorientation 
follow often, seeming appear suddenly. The patient can longer 
recognize his friends, cannot dress feed himself find his way about 
his home. Behaviour becomes perverse silly, conversation muddled 
and speech slow slurred. first able obey simple commands 
and carry out simple tasks, becomes unco-operative and may for 
time restless, noisy and resistive, but hallucinatory states other 
psychotic episodes dramatic nature are generally absent possibly due 
the relatively rapid dissolution cerebral function that steadily 
proceeding. Incontinence bladder and bowel are usual but retention 
urine may present for time. 

other instances the patient passes gradually into inattentive and 
unresponsive state which says little perseverates and becomes 
eventually mute. The development such severe organic confusional 
state takes the average six eight weeks and those cases where 
has been the first main symptom complex the disease the total duration 
the illness has been the shortest the series, namely eight ten weeks. 
This confusional state therefore very characteristic the height the 
disease but its development may set any time the course the illness 
and has been late twelve weeks patient surviving five months. 
sums speak with the motor symptoms give the terminal stage 
the disease. Rarely absent, the patient passing from drowsiness 


stupor, flaccidity, coma and death over the last one two weeks. 


Myoclonus consisting sudden, jerk-like movements voluntary 
muscles may the outstanding symptom the onset (Case 6). can 
also occur early with advancing hemiplegia but for the most part 
closely associated with the organic confusional state and therefore 
almost constant feature between the eighth and the sixteenth weeks. 
has also been observed the third week one case where mental 
symptoms were already present and advancing rapidly and another 
the sixth week whom the confusional state was already well advanced. 

Often beginning the face one limb, the myoclonic-jerks become 
more widespread and often generalized the disease advances, but are 
the whole more pronounced the arms and face. They vary greatly 
size from small localized muscular twitch considerable contrac- 
tion displacing limb part They are also more less random, 
each succeeding jerk differing size and location from previous ones. 
They occur spontaneously but are also provoked sensory stimuli 
especially touching and moving the limb. They vary much frequency 
and can intermit for time jactitations may suddenly become 
continuous and widespread. They can continue during sleep and also 
when volitional movement taking place. 
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This myoclonus has been associated all instances far investigated 
with sharp-wave complexes the EEG. patient presenting the 
characteristic EEG pattern the involuntary movements have been 
described Jacob al. (1958) epilepsia partialis continuans. 
Myoclonus different from that described above has been reported the 
disease Foley and Denny-Brown and consisted rhythmical move- 
ments the upper limbs, jaw and tongue. These movements associated 
with oculogyric spasms were provoked any disturbance the patient 
and would last several minutes. Sharp wave complexes were not present 
the very abnormal EEGs these patients and the authors regarded 
the symptom cerebellar type myoclonus released conditioned 
cerebellar and cortical damage. not proposed discuss here 
the pathophysiology the more usual type myoclonus described 
the disease, and which case where appeared early showed the 
features resembling nocturnal myoclonus (Symonds, 1953: Behrman, 
1958). 


Other Involuntary Movements and Epileptic Seizures 

Epileptic seizures have been observed the cases described 
this paper and also other instances. They have occurred not the 
beginning but the height the illness and have consisted clonic 
jerking the head and eyes one side with without clonic movements 
the upper limbs. This relative paucity major epileptic phenomena 
contrast the almost constant occurrence myoclonic jerks 
noteworthy. Tremor, sometimes intention-like character, choreiform 
and athetotic movements have also been observed the earlier rather 
than the later stages the disease but they have only been conspicuous 
one two patients. The nature the board-like rigidity the limbs 
which relaxed periodically one Heidenhain’s patients difficult 
evaluate. most probably release phenomenon varying intensity 
from time time rather than involuntary movement. 


Terminal Phase 

will clear from the different symptoms described above, which 
can occur many combinations throughout the illness, that there 
regular pattern for the development the disease and that very variable 
clinical picture may met with from case case. This variability may 
persist some extent during the height the illness but thereafter the 
steady advance dementia and paralysis leads obliteration focal 
symptoms and eventually cessation involuntary movements and 
fairly uniform terminal clinical state. 

The facial expression becomes increasingly impassive, limbs immobile 
and posture more fixed attitude which the upper limbs one 
flexion and the lower limbs usually one extension but occasionally 
also flexion. The hands are usually clenched fist with the thumbs 
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either inside outside the fingers. The shoulders are adducted and 
internally rotated, arms usually flexed the elbow and the wrists usually 
pronated and slightly flexed. The lower limbs are extended and adducted 
the hips, extended the knees and plantar flexed the ankles with 
occasionally slight inversion. flexion present the patient tends 
lie one side with the legs drawn the hip and knees. The head 
held either partial extension less commonly slight flexion. Attempts 
alter this posture, which may first asymmetrical and subject 
minor variations from time time, encounter considerable resistance but 
interesting note that its earlier stages can overcome 
willed movement before the patient’s co-operation entirely lost. 

The posture here described sometimes referred loosely the 
decorticate posture but while there well defined clinical picture 
decerebrate posture there such clinical picture decorticate 
posture. tonic, neck postural reflexes have been elicited these 
patients and seems best simply describe the clinical state 
adductor and flexor rigidity the upper limbs and extensor flexor 
rigidity the lower limbs. presumably release phenomenon follow- 
ing gross cortical and basal ganglia damage but its mechanism 
development way understood. would seem point the 
intactness the brain-stem and spinal cord centres the disease. 

With the assumption this posture the patient becomes increasingly 
stuporose, grasp reflex and sucking reflex may elicited, sustained 
conjugate deviation the head and eyes one side may observed 
and sudden noises may produce increased flexion the limbs and spasm 
the trunk. rule myoclonic jerking tends abate during this 
terminal stage but may not completely disappear till coma deep and 
then also rigidity may give place flaccidity the limbs for some days 
before death. Death may result either from the effects the disease 
itself from intercurrent infection. Pyrexia the last few days life 
may due such infection but can also occur its absence. 


Duration the Disease 

The terminal phase rarely lasts more than one two weeks but one 
patient survived seven months (Foley and Denny-Brown, 1955, Case 
after the typical terminal state had been reached and the total duration 
the illness was thirteen months. another case (Jacob al, 1958, 
Case the total duration was stated twelve months but here 
difficult certain from the case report the exact onset the disease 
and the duration may have been only three four months, figure 
keeping with average duration fourteen weeks cases. these 
the duration ranged from eight twenty-four weeks. would appear 
that the cases longest duration, either focal symptom such 
visual failure has persisted for many weeks without other symptoms 


560 NEVIN, MCMENEMEY, BEHRMAN AND JONES 


else the patient survived longer the terminal stage. While there thus 
the possibility great variation the course and duration the disease, 
there order time for the progression both focal and mental 
symptoms severe loss function some six twelve weeks. Allowing 
for the fact that the disease can commence different areas the 
cerebral cortex different times, can said that five six months 
probably the upper limit for active progression the disease and that 
thereafter the patient survives for several months little any actual 
advance the pathological sense takes place. The possibility, however, 
slower development cannot ruled out and this point has already 
been made reference Heidenhain’s second case the discussion 
the pathology. the other hand acute manifestations the disease 
process may possibly occur and recover without progression gross 
loss function. 


Special Investigations 

The C.S.F. was found normal all our cases and also all the 
published cases. Chromotography failed reveal any abnormal amino- 
aciduria and routine liver function tests were negative. Air studies have 
been normal all cases examined this method has arteriography, 
except one instance shift the anterior cerebral artery mm. 
one side, probably indicating swelling one hemisphere early 
stage the disease. Apart from the frequent coexistence hypertension 
and arteriosclerosis the other systems the body have shown evidence 
disease with the exception renal disease Case this paper. 


Electro-encephalography 

The EEG abnormalities are not specific, but those seen the height 
the illness have not yet been described any other disease the 
same age group, and are, therefore helpful diagnosis. Three features 
are noted: (1) partial complete obliteration the normal 
rhythms; (2) widespread high voltage slow activity associated with 
generalized sharp wave complexes which are mainly monophasic 
diphasic; (3) periodic intermission the slow and sharp wave activity 
runs lower voltage, slow activity, intermission which may 
conspicuous and regularly recurring the other hand little evident. 

There yet detailed record serial EEGs throughout the course 
the illness but clear that increasing EEG abnormality occurs 
the disease progresses. Slow potentials progressively increase with 
diminution the normal rhythms during the ingravescent stage, and 
eventually the sharp wave complexes appear. This process presumably 
can much more marked any area the brain and will 
recollected Case that the abnormalities were first much more 
striking the left hemisphere, that the side the removed temporal 
lobe abscess; also Case they were more marked posteriorly one 
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stage keeping with the early occipital commencement this case. The 
reverse occurred Case the abnormalities pointing first involve- 
ment frontal and temporal cortex might expected from the early 
mental and motor symptoms this patient. Again Case the 
abnormalities the first EEG were most evident the right side, that 
the side the earlier cerebral thrombosis. Serial EEGs therefore from 
the time the first symptoms can give some picture the spread the 
pathological process over the cortex. also noted that sharp wave 
complexes may present the EEG before myoclonic jerks become 
obvious. Attention should also drawn the striking difference between 
the random focal delta potentials very slow period (Case which were 
recorded before surgical treatment the abscess Case and the faster 
higher voltage semirhythmical delta potentials the subsequent 
encephalopathy. 

The progressive build-up slower potentials over the cortex with 
obliteration the normal rhythms feature all cases this disease. 
possibly due the pathological changes the cerebral cortex. Its 
amplitude and severity relation the clinical features are evidence 
against any purely degenerative process cause the lesions. The 
sharp-wave complexes are probably made primarily diphasic 
potentials which could synaptic dendritic origin, and are analogous 
sense, although pathological, the surface positive surface negative 
complex which can evoked afferent volleys and also the diphasic 
potentials produced strychnine metrazol applied locally the 
cortex. They are synchronous all areas the brain but varying 
form different regions, phenomenon which may result from their 
interaction the cortical level rather than synchronization over the 
thalamic reticular system. Their common and widespread occurrence 
this disease may due unimpaired afferent inflow reaching 
diseased but excitable cortical neurones and this keeping with the 
ready evocation myoclonic jerks sensory stimulation. Although 
recognized that myoclonus can arise all levels the motor system 
from the cortex the spinal cord, there pathological evidence 
any other than cortical one for the myoclonic jerks this disease and 
the term myoclonic epilepsy might indeed justified the EEG findings. 
The intermission activity the waxing and waning the delta 
potentials these EEGs not understood. This phenomenon seen 
many conditions even the normal alpha rhythm, under pentothal, 
and the mid-brain and high spinal animal Bremer. may 
phenomenon conditioned alteration the brain-stem thalamic 
reticular formation rendered abnormal the disease process but may 
also expression the inherent periodicity cortical neurones 
which brought into play more readily the effect disease the 
neurones themselves. 
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the terminal phase the illness electrical activity lessens and the 
characteristic pattern gives way brief bursts slow, slow and sharp 
potentials separated long intervals when little potential change 


recorded the EEG. 
SUMMARY 


(1) cases subacute form encephalopathy have been described 
and reasons given for considering cerebral vascular dysfunction the 
cause the disease. 

(2) Similar cases the literature have been reviewed and the descrip- 
tive designation subacute spongiform encephalopathy adopted for the 
condition until its more fully understood. 

(3) The reason for the vascular dysfunction not clear and further 


clinical studies appear necessary for its elucidation. 
(4) concluded that spongiform encephalopathy distinct from 
Jakob’s pseudosclerosis and that there relationship between the 


two diseases. 
(5) The clinical features subacute spongiform encephalopathy have 


been summarized and fairly distinctive pattern emerges. This often 
associated with characteristic EEG abnormality the later stages 
the disease. 
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LEGENDS FOR PLATES 


PLATE 
Fic. (Case taken during the sixteenth week the illness. The sharp 


wave complexes and slow activity are more marked the occipital leads. 


Fic. (Case 1).—Right calcarine cortex. Typical Nissl picture affected cortex. 
great loss nerve cells masked rich proliferation astrocytes with swollen 
cell bodies. Celloidin Cresyl violet 168. 


Fic. (Case 1).—Right calcarine cortex. Shrunken nerve cells with pyknotic and 
triangular nuclei and barely discernible dissolution other 
nerve cells and also astrocytes evident. Celloidin Cresyl violet 288. 


(Case 1).—Right occipital cortex, inferior and outer surface. Showing marked 
proliferation astrocytes, with fibre formation the outer layers. Celloidin 
Mallory’s phosphotungstic acid hematoxylin 120. 


Fic. (Case 1).—Right occipital cortex. Small softening involving lamine and 
and adjacent white matter. Celloidin Cresyl violet 28. 


PLATE 


Fic. (Case 1).—Drawing selection shrunken nerve cells from the occipital 
cortex seen under oil immersion Nissl stain. The cell the bottom left hand 
corner stained with hematoxylin and eosin. 


Fic. (Case 4).—Drawing severe changes larger nerve cells from the frontal 
cortex (Nissl). The cell the bottom left hand corner shrunken nerve cell 
stained hematoxylin and eosin. 


Fic. (Case 5).—Drawing nerve cells spongiform area the left superior 
temporal gyrus (Nissl). 
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PLATE 


(Case 2).—EEG the eleventh week. The sharp wave complexes are most 
prominent the left temporal region. 


(Case 2).—Right occipital cortex. Considerable loss nerve cells shown 
with loosening the general texture the cortex. Paraffin and 
eosin 152. 

Fic. (Case 4).—Right occipital cortex. The status spongiosus most marked 
over the upper half the mesial surface and over most the lateral surface. 
Celloidin Heidenhain’s method for myelin 


PLATE 


(Case 4).—Lateral part right orbital gyrus. Showing spongiform areas with 
disorganization the laminz. Celloidin Cresyl violet 120. 

Fic. (Case 4).—Right occipital cortex. Sudanophilic material histiocytes 
scattered throughout the cortex. Frozen Scharlach 


Fic. (Case 4).—Right caudate nucleus. Showing small spongiform lesions 
associated with loss nerve cells. Celloidin and eosin 


(Case 4).—Right frontal cortex. Spongiform lesion deep layers cortex 
showing dislocation and breaking axon bundles. Paraffin Silver technique 
for axons 280 (Marsland, Glees and Erikson, 1954). 

Fic. (Case 5).—Left temporal lobe, anterior part superior convolusion. 
Note status spongiosum extending through all layers but only one side the 
fissure. One the spongiose areas showing nerve cell the centre. Paraffin 
Mallory’s phosphotungstic acid hematoxylin 28. Inset 368. 


PLATE 


Fics. and (Case 6).—EEGs taken four weeks before death show the typical 
abnormalities which this case are greater the frontal regions. 
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INTERNAL CAROTID ARTERY OCCLUSION 
YOUNG ADULTS' 


recent years, internal carotid artery occlusion has frequently been 
diagnosed young adults. The present study patients under 
years age with occlusion shows how the underlying 
mechanism accompanying the occlusion may differ from that older 
patients whom the usual cause atherosclerosis (Fisher, 1954). 


INTRODUCTION 


1914, Hunt referred thrombosis the internal carotid artery 
resulting from penetrating wounds the neck, diseases the vessel 
wall, the direct extension thrombus the innominate artery 
aorta. Earlier, 1872, Verneuil had probably described case 
thrombosis that followed_a non-penetrating injury the neck. 1937, 
Moniz reported his observations with arteriography, and since then this 
method has been used detecting many such cases. Pathologic studies, 
notably Hultquist (1942) and Fisher (1954), unselected autopsies, 
have shown unexpected high incidence complete occlusion the 
common internal carotid arteries. 

The frequency this condition the lower age groups has been 
noted Johnson and Walker (1951) who observed that almost one-third 
the cases the literature 1951 had symptoms prior age 40. 
Symonds (1957) stated that his patients were under the age 
but that young patients are more likely investigated arteriography 
than are elderly patients whom the diagnosis accepted purely 
clinical grounds. 

the accumulated literature, least 107 patients under years 


1This work was supported part traineeship No. from the National 
Institute Neurological Diseases and Blindness, United States Public Health Service. 

Fellow, The Samuel McLaughlin Foundation Canada, Department 
Medicine, University Toronto, Toronto, Canada. 
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566 JOHN HUMPHREY AND NEWTON 


age with internal carotid artery occlusion have been reported. Many 
others were mentioned but because specific details were lacking, are 
excluded from this review. these 107 patients, some factor 
precipitated contributed the development carotid artery throm- 
bosis (Table Trauma was the commonest factor and accounted for 


TABLE I.—CONTRIBUTING AND PRECIPITATING FACTORS 107 PUBLISHED CASES 
UNDER THE AGE WITH INTERNAL CAROTID OCCLUSION 


Factors present: 
Trauma 


Recent head injury (within twenty- hours) (Erikson, 1943; 
Murphey and Miller, 1959; Lyon and Williamson, 1957; 
Schneider and Lemmen, 1952; Norris, 1956; Rosegay, 


1956; Sedzimir, 1955; Campanini and Risio, 1955) 
Past head injury (Torkildsen and Koppang, 1951; Andrell, 1943; 
1956; Sorgo, 1939; Erikson, 1943) 
Penetrating injuries palate and pharynx (Caldwell, 1936; 
Fairburn, 1957; Otto, 1955) 
Wounds contusions neck (Nielsen, Northcroft and 
Morgan, 1944; Riser, 1955) 


Hypertension (BP over 150/100) (Johnson and Walker, 1951; Chao 
al., 1938; Norris 1956; Lin and Scott, 1955) 

Blood dyscrasias 
Polycythemia (Shapiro and Peyton, 1954; 1954) 
Sickle cell (Murphey and Shillito, 1959; Mello 

Aneurysm and subarachnoid (Sorgo, 1939; James, 
1949; Govons and Grant, 1946) 

Syphilis (Nielsen, 1955; Lamont, 1956) 

Aortic arch syndrome (Takahashi, 1940; Frovig, 1946) 

Peripheral vascular disease (Milletti, 1950; Chiasserini, 1952) 

Tuberculous meningitis (Sirois a/., 1955) 

Rheumatic heart disease (Subirana al., 1952) 

Rheumatic arthritis (Bossi and Pisani, 1955) 

Postpartum (Lemmen 1958) 

Cervical rib (Samiy, 1955) 

Neoplasm (Riechert, 1938) 


an 


tN 


> 


Total with factors present 


almost one-half the total. most instances the trauma was recent 
and directly involved the head the neck but history previous head 
injury, usually moderate severity, was reported instances 
(Torkildsen and Koppang, 1951; Andrell, 1943; 1956; Sorgo, 
1939; Erikson, hemorrhage from intracranial 
aneurysm the internal carotid artery factor that may complicate 
result internal carotid occlusion although none the patients 
reported (Sorgo, 1939; James, 1949; Govons, 1946) was aneurysm 
actually demonstrated. Specific inflammatory diseases, such syphilis 
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(Nielsen, 1955; Lamont, 1956), and tuberculous meningitis (Sirois 
1955) appear have precipitated occlusion. Emboli have been 
considered cause carotid occlusion rheumatic heart disease 
(Symonds, 1957). Several blood dyscrasias were reported individuals 
with internal carotid artery thrombosis, the most frequent having been 
polycythemia (Shapiro and Peyton, 1954; Ralph, 1954). Two women 
with clinical findings indistinguishable from internal carotid thrombosis 
subsequently were shown have occlusion the main arterial trunks 
from the aortic arch (Takahashi, 1940; Frovig, 1946) and resembled 
the cases described Takayusu (1908). 

The presence occlusive arterial disease elsewhere infrequent 
patients with carotid occlusion. instances (Milletti, 1950; Chiasserini, 
1952), peripheral vascular disease was described and the vessels the 
legs one showed pathologic changes resembling Buerger’s disease. 
Histologic changes resembling thrombo-angiitis obliterans were noted 
excised segment the thrombosed internal carotid artery cases 
(Andrell, 1943; Wolfe, 1948; Kissel 1955), but the significance 
such isolated histologic changes has been challenged and the concept 
cerebral and carotid thrombo-angiitis obliterans remains doubtful 
(Fisher, 1957). 

the patients without reported precipitating factors, satisfactory 
reports biopsies the thrombosed internal carotid artery were given. 
(Webster 1950; Chao al., 1938; Krayenbiihl and Weber, 1944) 
were described showing organized thrombus with normal vessel wall, 
while the remaining (Sorgo, 1939; Erikson, 1943; Krayenbiihl and 
Weber, 1944; Murphey and Shillito, 1959; Behrman, 1954) were secondary 
atheromata the vessel wall. 

Whether the the 107 younger individuals would have been 
reported except for the occurrence complicating precipitating 
factors cannot judged and the frequency these complications does 
not inevitably reflect their true incidence. 


METHOD 

the present study, patients with complete internal carotid occlusion occurring 
before age are reported. These patients, and others over years, had their 
findings confirmed arteriography; some, addition, surgery post-mortem 
examination. The percutaneous method arteriography has been used and rigid 
criteria were applied the interpretation roentgenograms confirm internal 
carotid artery occlusion. avoid possible errors, the bifurcation the common 
carotid artery well the puncture site must seen. Subintimal extravascular 
injections must excluded since they may simulate internal carotid artery occlusion. 
The arteriographic diagnosis internal carotid occlusion discussed more fully 
elsewhere one the authors (Newton and Couch, 1960). 


REPORTS 


Case 35-year-old man was admitted March 29, 1955, the 
Atkinson Morley’s Hospital, Wimbledon, under the care Mr. Wylie McKissock 
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with history minor head injury and laceration left face twenty-four hours 
before. Four hours following the injury, began vomiting and became unrespon- 
sive. physical examination there were drowsiness, dysphasia, right homonymous 
hemianopia, and right hemiplegia. Blood pressure was 160/110. Neck stiffness 
was not present. 

arteriogram the left common carotid showed complete occlusion the internal 
carotid artery cm. distal its origin. right carotid anteriogram showed 
arteriovenous malformation the right posterior parietal region. The left carotid 
arteriogram repeated one week later showed change except some collaterals arising 
from the external carotid artery. 

improvement followed stellate ganglion block but speech and walking gradually 
improved during the first year. 

Comment.—The history was that minor head trauma four hours before onset 
symptoms. arteriovenous malformation the opposite cerebral hemisphere 
was unexpected but evidence subarachnoid hemorrhage was found. 


Case 35-year-old woman was admitted November 18, 1958, the 
Atkinson Morley’s Hospital, Wimbledon, under the care Mr. Wylie McKissock. 
Rheumatoid arthritis had been present since age and she was receiving oral 
Prednisone. Twelve days before admission she had fallen suddenly and complained 
weakness and numbness the left arm and leg. physical examination left 
hemiplegia and impaired sensation pain the left side were noted. 

right common carotid arteriogram showed obstruction the internal carotid 
artery its origin. 

Comment.—This patient with rheumatoid arthritis was receiving steroid therapy 
when her internal carotid thrombosis developed. findings suggested the presence 
diffuse collagen disease. 


Case (National Hospital Queen Square No. 17025). 25-year-old 
man was admitted June 1949, under the care Dr. Purdon Martin. Four 
years previously this patient had fallen from horse and was unconscious for two 
hours. Eight months before admission, attacks weakness and the 
right hand began, followed speech disturbance, weakness the right side, and 
difficulty seeing the right. examination, moderate dysphasia, right 
homonymous hemianopia, right spastic hemiparesis, and right were 
present. Blood pressure was 130/90. Blood serology and cerebrospinal fluid 
examinations were normal. 

left common carotid arteriogram showed complete block the internal carotid 
artery cm. distal the bifurcation with collateral circulation. 

the following ten years the patient has been gainfully employed and his condition 
has greatly improved with further neurological episodes. 

Comment.—This case illustrates the onset symptoms from internal carotid 
occlusion four years after head injury otherwise healthy man who subsequently 
has remained well, 


Case 4.—N. (N.H.Q.S. No. 20869). Chinese male, aged years, admitted 
December 20, 1949, under the care Dr. Michael Kremer. had been well until 
ten months previously when developed sudden inability speak, and weakness 
the right side. physical examination, aphasia, right homonymous hemianopia, 
right hemiparesis, and right sensory inattention were observed. Blood pressure was 
120/80. 
Results laboratory examinations including serology were left internal 
carotid arteriogram showed complete block the syphon just distal the origin 
the posterior communicating artery. 
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present the patient has hesitant speech and right spastic hemiparesis but has 
had further episodes. 

Comment.—This appears have been uncomplicated internal carotid artery 
thrombosis. 


Case (N.H.Q.S. No. 26715). Man, aged 37, admitted November 12, 
1950, under the care Dr. Denis Brinton. Nineteen years before admission, the 
right eye had suddenly turned inward during severe headache. Nine years later, 
intermittent occurred over the right face with attacks headache. 
For seven years there has been infrequent pain the right head aggravated cough. 
physical examination, the vision the right eye was grossly defective with primary 
optic atrophy, right sixth nerve palsy with right ptosis and small non-reacting 
pupil, loss sensation light touch and pain over the first two divisions the 
right fifth nerve, and absent right corneal reflex were noted. Blood pressure 
was 125/80. 

Results laboratory investigations and cerebrospinal fluid examination were 
normal. 

Skull roentgenograms November 16, 1950 (fig. Plate LXXXIV), showed des- 
truction the orbital portion the greater wing the sphenoid, the floor the 
middle fossa, and the petrous apex the right. oval curvilinear calcification 
behind the right orbit was thought represent calcified right carotid aneurysm. 
Bilateral common carotid arteriograms showed complete occlusion the right 
internal carotid artery cm. distal its origin. The left carotid arteriogram 
showed spontaneous crossflow filling both anterior and middle cerebral arteries. 

the following ten years, symptoms and cranial nerve signs have not progressed 
Roentgenograms the skull November 14, 1958 (fig. 2), showed considerable 
decrease the size the ovoid calcification which presumably represents the wall 
the aneurysm seen eight years previously. 

Comment.—The right second, fifth, and sixth cranial nerve palsies, and partial 
right Horner’s syndrome were consistent with right retro-orbital lesion which 
appeared radiologically calcified intracranial aneurysm. The thrombosis the 
right internal carotid artery was unexpected and had apparently developed without 
dramatic symptoms. This thrombosis could related the subsequent shrinkage 
the calcified wall the aneurysm and the lack clinical progression. 


Case 6.—J. (N.H.Q.S. No. 29682). 25-year-old man admitted May 15, 1951, 
under the care Sir Charles Symonds with history sudden onset right frontal 
headaches and transient visual disturbances three years before. few days following 
this episode fever, malaise, and inflamed red, tender swelling over the right eyebrow 
developed which subsided three four days, but week later there was sudden 
weakness the right side followed inability speak. was then admitted 
local hospital where intensive penicillin therapy was administered for two months 
with gradual improvement speech and decrease headache. admission the 
National Hospital three years later, speech was normal but severe spastic right 
hemiparesis was evident. Blood pressure was 150/90. 

Results laboratory investigations were normal. Blood serology and cerebro- 
spinal fluid examination were normal except that the cerebrospinal fluid contained 
mg. protein, but cells. left common carotid arteriogram showed spon- 
taneous filling both anterior cerebral and the right middle cerebral arteries with 
paucity vessels the Sylvian group the left middle cerebral artery. right 
common carotid arteriogram showed complete obstruction the right internal 
carotid artery the syphon distal the origin the posterior communicating artery. 

date, eight years later, the patient has remained well and does heavy work. 
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Comment.—An acute occlusion the internal carotid artery with development 
signs the same side. The possible involvement the middle cerebral artery 
the opposite side might suggest more widespread process. inflammatory 
process was suggested headache, fever, localized pain, swelling and redness the 
right eyebrow. The improvement and subsequent course tend exclude 
panarteritis but the elevation the cerebrospinal fluid protein three years following 


the onset symptoms remains unexplained. 


Case (N.H.Q.S. No. 39-year-old woman admitted May 14, 
under the care Dr. Denis Williams. There was past history rheumatic 
fever and chorea. Two years before, she had had sudden headache and weakness 
the left side with complete recovery nine months. Three weeks prior admission, 
sudden weakness the left arm recurred. examination, mild weakness the 
left arm and leg, and impaired two-point discrimination over the fingers the left 
hand were observed. Blood pressure was 110/85. Mitral stenosis and auricular 
fibrillation were noted. 

Results laboratory examinations were normal. 
arteriogram showed complete occlusion the internal carotid artery cm. distal 


right common carotid 


its origin. 

The patient died pulmonary embolus following mitral valvulotomy five months 
after the onset the neurological signs. 

Comment.—An internal carotid occlusion patient with rheumatic heart disease 
and mitral stenosis. The possibility embolus suggested the presence 
auricular fibrillation. 
Case 8.—J. No. 38628). man, aged years, was admitted 
May 21, 1952, under the care Dr. Michael Kremer. the three months prior 
admission had had three four-day episodes weakness the right side and 
difficulty speech. examination, dysphasia, right visual inattention, right 
hemiparesis, and hypalgesia the right were present. Blood pressure was 145/80. 

Results laboratory examinations were normal.. common carotid 
arteriogram revealed complete occlusion the internal carotid artery 0-5 cm. distal 


its origin. 
The patient died following further cerebral episode two years later. 


Comment.—On reviewing the patient’s history, complicating factors were found. 


Case (N.H.Q.S. No. 40733). woman admitted 
September 19, 1952, under the care Sir Charles Symonds. One week before 
admission she noticed the left arm and leg, followed weakness 
the left side and headache; several days later, more intense headache, neck stiffness, 
diplopia, and left-sided weakness developed. Examination showed left homonymous. 
hemianopia, external rectus palsies, left hemiparesis, and left hypalgesia. 
Blood pressure was 115/80. Kernig’s sign and severe neck stiffness were present. 

Results laboratory examinations were normal. The cerebrospinal fluid was 
blood stained and xanthochromic. right common carotid arteriogram revealed 
complete occlusion the internal carotid artery the syphon just distal the 
origin the posterior communicating artery. left common carotid arteriogram 
showed spontaneous filling both anterior and middle cerbral arteries. 

The results lumbar puncture two months later were normal and the right 
carotid arteriogram was unchanged. Except for the residual left hemiparesis, the 
patient has remained well during the past seven years. 

Comment.—An internal carotid artery occlusion occurred the presence 
subarachnoid hemorrhage. The cause the bleeding remains uncertain. 
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arteriovenous malformation was not seen although the cerebral vessels both 
hemispheres were demonstrated. aneurysm would appear most likely. 


Case 10.—A. (N.H.Q.S. No. man, aged 19, October 15, 
1955, under the care Dr. William Goody. Two weeks before admission, four 
transient attacks difficulty speech and weakness the right side occurred, the 
last attack resulting permanent disability. Examination revealed marked 
dysphasia, right hemiplegia, and left Horner’s syndrome. Blood pressure was 
120/80. 

Results laboratory examinations were normal. left internal carotid arterio- 
gram showed obstruction the syphon distal the origin the posterior com- 
municating artery. The right common carotid arteriogram was normal. 

present, eight years later, the patient has considerable dysphasia and right 
hemiparesis. 

Comment.—An internal carotid occlusion without complication. 


Case 11.—A. No. 61927). 19-year-old man admitted October 15, 
1955, under the care Dr. Meadows. age 10, head injury with 
ness for thirty minutes occurred. One year later, sudden stupor, dimness vision, 
diplopia, and weakness the right arm developed. hospital Malta stiff neck 
and right hemiparesis were observed. Two days later, sudden blindness the left 
eye and transient visual loss the right occurred. gradually recovered but 
focal right-sided attacks began. the age 13, progressive mental deterioration 
was noted. admission, marked intellectual retardation, defective vision the 
left eye, right temporal field defect, bilateral optic atrophy, partial left third nerve 
palsy, spastic right hemiplegia, and impaired sensation the right side were present. 
Both plantar responses were extensor. 

Results laboratory examinations, including serology blood and cerebrospinal 
fluid, were normal. Widal and Brucella abortus agglutinations were negative. 
The cerebrospinal fluid contained lymphocytes and 140 mg. protein. 

Skull roentgenograms showed ring-like calcification measuring 4cm. 
above the sella (fig. which outlined space-occupying lesion whose central portion 
was radiolucent. The floor the pituitary fossa was poorly defined but the posterior 
clinoids appeared intact. left carotid arteriogram showed the internal carotid 
artery occluded 0-5 cm. proximal the origin the ophthalmic artery the 
syphon. right carotid arteriogram showed displacement the anterior cerebral 
artery posteriorly and the right. The impression was that partially calcified 
suprasellar space-occupying lesion with secondary occlusion the left internal 
carotid artery. 

Comment.—The internal carotid occlusion the syphon appeared secondary the 
suprasellar lesion which involved the left optic nerve and left third nerve. The nature 
the calcified mass remains unknown. Although the radiologic appearance 
suggested craniopharyngioma, the cerebrospinal fluid changes are more indicative 
granulomatous lesion. 


Case 12.—B. (N.H.Q.S. No. 65303). 38-year-old woman admitted 
April 15, 1956, under the care Mr. Wylie McKissock. One day before admission, 
sudden weakness the left side occurred. Examination revealed left homonymous 
hemianopia, left hemiplegia, and left hemianzsthesia. Blood pressure was 130/90. 

Results laboratory examinations were normal. common carotid 
arteriogram revealed marked slowing the flow the internal carotid artery and 
block the syphon proximal the ophthalmic artery. 

The left-sided weakness improved rapidly although moderate spastic weakness 
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remains the distal portion the left arm and leg. Two generalized epileptic 
attacks have occurred two years following the onset. 


Comment.—An apparently uncomplicated occlusion the right internal carotid 
artery. 


Case (N.H.Q.S. No. 68754). woman admitted 
January 24, 1957, under the care Dr. John Marshall. years before, sudden 
loss speech and weakness the right arm and leg developed. Speech returned 
one week and the weakness gradually improved. Examination showed moderate 
spastic right hemiparesis. Blood pressure was 140/95. 

Results laboratory examinations were normal. Left common carotid arterio- 
gram showed the internal carotid artery occluded cm. distal its origin. 
There was slight tapering the lumen proximal the occlusion. 


Comment.—An occlusion the left common carotid artery was demonstrated but 
complicating factors were found. 


Case No. 37-year-old man admitted February 
1957, under the care Dr. McDonald Critchley. Two weeks before, sudden 
transient loss consciousness was followed severe left frontal headache. Sub- 
sequent attacks numbness and weakness the right face and hand lasting ten 
fifteen minutes, occurred five six times. Examination showed slight right 
hemiparesis. Blood pressure ranged from 170/110 200/140. 

Results laboratory examinations, blood sugar, and B.U.N. were normal. 
Cerebrospinal fluid contained 105 mg. protein and lymphocytes. left common 
carotid arteriogram demonstrated complete occlusion the internal carotid artery 
cm. distal its origin. thrombo-endarterectomy was performed Professor 
Rob St. Mary’s Hospital, London, but backflow was obtained. 
discharge there were neurological signs. 


Comment.—A patient with left internal carotid thrombosis who had persistent 
hypertension unknown etiology. 


Case 15.—P. (N.H.Q.S. No. 34-year-old man admitted 
September 30, 1958, under the care Dr. Denis Brinton. Sudden blurring vision 
occurred the evening before admission. One hour later, headache, vomiting, and 
weakness the right hand were noted. awakening the following morning, 
was unable speak move the right hand. examination, severe dysphasia, 
limitation lateral conjugate gaze the right, and complete right hemiplegia were 
observed. Blood pressure was 130/80. 

Results laboratory examinations including serum protein electrophoresis were 
normal, Serologic tests were doubtful but pallidum immobilization 
test was negative. The cerebrospinal fluid contained mg. protein. Skull 
roentgenograms showed erosion the floor the left middle fossa involving the 
foramina ovale and spinosum (fig. The tip the left petrous temporal bone was 
eroded. left common carotid arteriogram showed the internal carotid artery 
taper with narrow irregular lumen extending the level the first cervical vertebra. 
The carotid syphon showed faint filling. The impression was that osteolytic 
lesion the skull base with secondary thrombosis the left internal carotid artery. 

Examination the nasopharynx gave evidence abnormality. 

Deep roentgenotherapy was administered elsewhere. Roentgenograms six months 
later showed slight extension laterally the erosion the petrous bone. 

Some return speech and power the right leg has occurred. 


Comment.—An acute occlusion the left internal carotid artery apparently 
secondary osteolytic lesion the base skull. The lesion considered either 
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neoplastic granulomatous with some progression during the past six months. 
primary neoplasm has not been found. 


Case 16.—E. No. 83616). woman admitted 
January 15, 1959, under the care Dr. McArdle. Ten weeks before admission, 
sudden transient blindness the right eye with right frontal headache occurred two 
occasions. Six weeks later, sudden weakness developed the left side. 

examination the patient was confused, euphoric, and dysphasic with left 
homonymous visual field loss and complete left hemiplegia. Blood pressure was 


150/90. 
Results laboratory examinations were normal. right common carotid 


arteriogram showed occlusion the internal carotid artery cm. from the 


bifurcation. 
There has been slight general improvement and further episodes have occurred. 


Comment.—This apparently uncomplicated case internal carotid artery 
occlusion. 

Case 17.—D. (N.H.Q.S. No. 84639). woman admitted 
March 1959, under the care Dr. Carmichael. the third trimester her 
first pregnancy four years preceding admission, she had widespread the 
face, arms, and legs. During the seventh month her second pregnancy, persistent 
hypertension necessitated complete bed rest. Labour induced six weeks later 
resulted uneventful delivery and the hypertension subsided. the fift day 
post-partum, aching the left arm occurred and the next morning the left arm and 


leg were weak. 
examination, emotional lability and left hemiparesis were noted. Two-point 
discrimination and stereognosis were impaired the left side. Blood pressure was 


120/85. 
Results laboratory examinations showed persistent trace albumin the 


urine repeated specimens. Serologic blood test was negative and blood urea 
nitrogen was normal. right common carotid arteriogram showed complete 
block the internal carotid artery its origin. Subsequently, gradual improvement 


has occurred. 
Comment.—Sudden occlusion the internal carotid artery occurred five days 


post-partum pregnancy that had been complicated hypertension and cedema. 


DISCUSSION 


Table (left column) shows that the patients this series 
had complication either preceding present the time symptoms 
the internal carotid occlusion developed. The complications Case 
and Case were related trauma. Case similar those patients 
previously reported (Erikson, 1943) with history trivial head 
injury and carotid occlusion developing within few hours. past 
history moderate severe head injury and possible neck injury were 
noted Case which simulated the patients reviewed from the literature. 
The majority these patients with head injuries, either recent remote, 
were men between the ages and years. 

intracranial aneurysm may associated with internal carotid 
occlusion, the patient reported Case whose roentgenogram 
showed calcified aneurysm behind the right orbit. interesting 
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TABLE SERIES: CONTRIBUTING AND PRECIPITATING 
FACTORS PATIENTS WITH INTERNAL CAROTID OCCLUSION 
Under Over 
years years 
age age 
Factors present: 
Subdural hematoma (trauma 
Subarachnoid hemorrhage (aneurysm 
Rheumatoid arthritis 
Rheumatic heart disease 
Post-partum 
Arteritis (?) 
Hypertension 
Myocardial infarction 
Angina pectoris 
Peripheral vascular disease 
Diabetes mellitus 


N 


WH 


speculate how greatly the internal carotid thrombosis influenced the 
shrinkage the aneurysm during the past nine years, and the stationary 
clinical picture. the case reports reviewed previously aneurysm 
was strongly suspected the cause the carotid occlusion but 
aneurysm had been demonstrated. Similarly, reported Case the 
carotid thrombosis was observed following subarachnoid hemorrhage 
and the responsible factor was presumed aneurysm angioma 
was not visualized arteriography. 

Two patients had carotid occlusion during more generalized inflam- 
matory disorder. Rheumatoid arthritis was reported Case but 
the underlying process the patient Case remains obscure. 
stenosis and auricular fibrillation were noted Case possibility 
embolus occurring the internal carotid artery has been suggested 
but was not proven this patient. 

Lemmen al. (1958) reported patient with carotid thrombosis 
following apparently uneventful pregnancy and breast abscess. 
the patient reported Case 17, toxemia pregnancy had been present 
with evidence carotid occlusion the fifth post-partum day. 
relationship the previous hypertension suggested. some 
post-partum arterial and, more commonly, venous thromboses seem more 
related changes hemodynamics and blood coagulation occurring 
the early puerperium. 

Riechert, 1938, described boy years age with internal 
carotid artery thrombosis who also had ptosis, right ophthalmoplegia, 
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left-sided pyramidal signs and upward displacement the anterior horn 
the right lateral ventricle encephalography. The probability 
tumour was considered but not confirmed biopsy. Case the 
present group, with reported blindness, third nerve palsy affecting the 
left eye, and right-sided pyramidal involvement, similar Riechert’s. 
this patient calcified suprasellar mass was associated with occlu- 
sion the adjacent left internal carotid artery. Similarly, Case 
with history sudden onset dysphasia and right-sided weakness, 
had osteolytic lesion the skull base associated with the thrombosis 
the left internal carotid artery. 

comparative group patients who developed their carotid occlu- 
sion when more than years age, was reviewed from the files the 
National Hospital, Queen Square. complete occlusion the internal 
carotid artery was diagnosed either the same arteriographic criteria 
outlined previously, post-mortem examination. 

shown Table III, men and women comprised the younger 


TABLE SERIES: DISTRIBUTION PATIENTS ACCORDING SEX 
AND 
Average duration 


group. contrast the much greater proportion men the group 
over years age, and previous reviews (Johnson and Walker, 1951; 
Symonds, 1957) the sex incidence internal carotid thrombosis, 
per cent males and per cent females were reported. 

The right column Table lists the complicating factors the 
patients over years age. only patients were complications 
observed that were not directly related atherosclerosis. The first 
these was 49-year-old woman who had small subdural hematoma 
over the convexity one cerebral hemisphere well internal 
carotid artery thrombosis, without any previous history trauma. 
post-mortem examination, the second patient, 44-year-old man, was 
found have widespread metastatic carcinoma the involving the 
left temporal lobe. Evidence endocarditis, recent thrombosis the 
left internal carotid artery its origin, and recent softening the left 
parietal lobe were also present. The third patient was 56-year-old man 
with thrombosis the right internal carotid artery and aneurysm 
the left internal carotid; both lesions were demonstrated arteriography 
and later post-mortem examination. 

the remaining patients, had significant and persistent elevation 
blood pressure, had either myocardial infarction angina pectoris 
prior since the carotid occlusion, and had evidence peripheral 
vascular disease the lower extremities. One patient was diabetic. 


VIIM 
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contrast the patients with carotid occlusion before the age 
(Table II, left column) hypertension was complication only one 
patient; none had myocardial infarction, peripheral vascular disease, 
diabetes. 

The mortality figures and the duration follow-up for the younger 
and older group are listed Table the group under 40, patient 
died immediately following the carotid occlusion; patients died six 
months and two years later. the older group the patients are 
dead. during the acute stage the illness, and died from three 
months four years later. apparent that several the younger 
patients have potentially fatal disease but, nevertheless, the prognosis for 
survival from internal carotid occlusion better the younger age 
group. The surviving patients less than years age who have been 
followed for three ten years following occlusion have had further 
cerebral episodes and the disability has not increased except one. 

This particular patient (Case 12) has had “blackouts epileptic 
nature and possible personality deterioration.” the younger male 
patients are performing heavy manual work despite residual hemiparetic 
signs. Several the patients more than years age continue 
have recurrent cerebral episodes and most them are not gainfully 
employed because further progression lack improvement from 
their initial state. 


SUMMARY 


patients under years age with internal carotid artery occlusion 
have been reviewed and contrasted with patients whose carotid 
occlusions occurred after the age 40. 

There was little difference the sex incidence the younger group 
compared the predominance males the older age group. 

the patients the younger group either had lesions adjacent 
the carotid artery had evidence generalized systemic illness 
the time the carotid artery occlusion was diagnosed. the patients 
past years had similar complicating factors. The complications 
both groups included trauma, aneurysm, tumour, pregnancy, and 
inflammatory diseases. 

Hypertension, diabetes, and atherosclerotic involvement other 
major arteries were noted only one the younger patients but 
were present the older patients. 

The prognosis for survival following internal carotid artery throm- 
bosis better patients less than years age. 
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PLATE LXXXIV 


LEGENDS FOR PLATES 


(Case 5).—October 16, 1950: Oval curvilinear calcification behind the right 
orbit. The orbital portion the greater wing the sphenoid, the floor the middle 
fossa, and the petrous apex the right show bone resorption. 


Fic. (Case 5).—November 14, 1958: The lateral portion the curvilinear 
has now shifted medially and there has been apparent decrease the 
size the calcified lesion when compared with the examination eight years 
previously. This thought represent aneurysm which has decreased size. 


Fic. and (Case 11).—A ring-like calcification measuring 4cm. above 
and slightly the left the sella appears ouline space-occupying lesion whose 
central portion relatively radiolucent. The floor the pituitary fossa poorly 
defined, but the posterior clinoids appear intact. 


Fic. (Case 15).—September 30, 1958: area bony erosion the floor the 


left middle fossa involves the foramina ovale and spinosum. The tip the left 
petrous temporal bone has been destroyed. 


illustrate article John Humphrey and Newton. 
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PLATE LXXXV 
illustrate article John Humphrey and Newton. 
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CONGENITAL OCULAR MOTOR APRAXIA! 


PAUL ALTROCCHI? anp JOHN 
(From the Division Pediatric Neurology, New York Neurological 
Institute, Columbia-Presbyterian Medical Center, New York City) 


reflexes are admirably adapted certain ends. Perfected during 
the course ages, they have during that course attained stability, cer- 
tainty, and ease performance beside which the stability and facility 
the most ingrained habit acquired during individual life presumably 
small. But theirs itself machine-like fatality. Their character this 
stands revealed when the neural arcs which execute them are 
from ties existing higher centers” (Sherrington, 1906). 


Cogan described four boys with previously unreported 
syndrome which named congenital ocular motor apraxia. These 
children showed inability move their eyes voluntarily horizontal 
direction move them toward peripheral object attraction despite 
the fact that random eye movements and vertical ocular motility were 
perfectly normal. addition, they all presented with curious horizontal 
jerking thrusts the head, and their eyes deviated contraversively 
head-turning. 

the past eight years, the reports three more cases, including one 
adult, have appeared the ophthalmological literature (Reed and 
Israels, 1956; Urrets-Zavalia, and Remonda, 1957; Keiner and Keiner, 
1958). Since the syndrome clearly interest neurologists well 
ophthalmologists, thought worth while describe detail this 
eighth case congenital ocular motor apraxia and summarize the 
findings previously reported cases. 


CASE REPORT 


S., unit No. 19-76-73, 8-year-old right-handed Puerto Rican boy, was ad- 
mitted Babies Hospital, Columbia-Presbyterian Medical Center, June 1959, 


1This work was supported part grant from the National Institute 
Neurological Diseases and Blindness, U.S.P.H.S. 


address: National Institute Neurological Diseases and Blindness, 
Bethesda, Maryland. 


address: Dept. Pediatrics, The Johns Hopkins Hospital, Baltimore 
Maryland. 
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with chief complaint jerking movements the head, present since infancy. 
was the product full-term uneventful pregnancy and delivery 
section. His birth weight was and the neonatal period was apparently normal. 

During the first few months life, tended keep his head turned peculiarly 
one side the other and his eye movements seemed abnormal. gained head 
control, and especially when began sit the age months, was noted 
turn his head rather than his eyes toward attracting object. walked with 
support months and walked alone year age. His gait, however, always 
seemed clumsier than normal with tendency pitch forward without actually 
stumbling falling. Also, sometimes postured his head peculiar angles and 
intermittently jerked swiftly either side, were trying look over his 
shoulder. Otherwise his growth and development were normal. was responsive, 
intelligent child who spoke single words months and complete sentences 
years. 

the age years and months was first seen the Pediatric Clinic for 
evaluation the turning movements his head. The vital signs, general physical 
examination, neurological examination, routine blood and urine studies, and chest 
film were all normal, and tentative diagnosis behavioral disorder was made. For 
evaluation the ocular abnormalities was referred the Ophthalmology 
Clinic, where the correct diagnosis congenital ocular motor apraxia was made 
one the residents. 

was then followed for the next five years the Neurology Clinic, where lack 
familiarity with the syndrome described Cogan led series incorrect 
neurological diagnoses (atypical petit mal, myoclonic jerks, convulsive disorder, 
dystonic movements with mild spasmodic torticollis, and cerebral palsy with extra- 
pyramidal components). During this period three EEG’s and lumbar puncture 
were completely normal. Skull films were consistent with ocular hypertelorism. 
Trials variety anticonvulsants and tranquillizers had effect the jerking 
head movements. admission the age years the Neurological Institute 
had failed clarify the nature his disability. 

the age years was admitted the Pediatric Neurology Service Babies 
Hospital for re-evaluation. General physical exam and vital signs were normal. 
was well oriented and intelligent. Visual acuity was 20/40 the right eye, 20/50 
the left eye. The pupils, fundi, and visual fields were normal. There was mild 
alternating esotropia. The neurological examination was entirely normal except for 
the following observations: 


(1) Voluntary horizontal eye movements command attraction were defective. 


(a) When the head was held fixed position and was requested look 
the side was attracted object his peripheral field vision, 
moved his eyes slow and hesitating fashion but usually succeeded. 
When, however, was asked rapid succession look alternately the 
right and left, after two three jerkingly successful movements his eyes 
upon one the fixation points and could not moved voluntarily 
either direction. appeared that the harder tried, the less able 
was move them. Only blinking his eyelids one more times break 
this fixation reflex could again move his eyes (fig. Plate 


When the head was not held fixed position, would employ either 
two sequences fixate upon the desired object. The first, less commonly 
utilized the patient, was similar that found normals (Cogan, 1952, 
1956). Thus would blink started turn his head; when the head 
arrived the desired point, the eyelids were opened and the eyes were seen 
looking straight ahead the new object fixation (fig. The 


~ 
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second sequence, occurring much more frequently, involved the characteristic 
head-jerking which constituted his presenting problem. Thus, usually 
jerked his head the direction horizontal attraction command without 
blinking his eyelids; these times his eyes, rather than turning the desired 
direction more swiftly than the head, the case normals, maintained 
their previous fixation point that they actually deviated the opposite 
direction. order bring the contraverted eyes the new fixation point, 
the head characteristically swept past until the eyes were upon it; only 
then would the head return its own proper position. The whole sequence 
look less than second (fig. 


(2) Horizontal following movements were somewhat hesitating and irregular but 
usually were full, especially the object was moved slowly. However, after 
two three successive efforts alternating directions, the eyes would become 
fixed the lateral position and amount voluntary effort could break 
through the power this fixation reflex until the fixation was broken, either 
blinking head-jerking (fig. 3). 


(3) Random movements the eyes were full and normal, horizontal well 
vertical gaze. 


(4) Vertical eye movements were normal command, following, and sudden 
attraction. 


(5) When the patient was rotated rapidly vertical axis, the eyes deviated the 
direction opposite the direction rotation instead maintaining central 
position normals. When the rotation was stopped, quickly jerked his 
head bring his eyes back central fixated position. head-jerking was 
prevented after rotation was stopped, his eyes, rather than maintaining their 
contraverted position, switched across into far lateral gaze the opposite side 
presumably under labyrinthine guidance (Ford and Walsh, 1940), and maintained 
this position for about three seconds until blinked and brought his eyes back 
the mid-line. 


(6) Tests for horizontal optokinetic nystagmus showed slow following the eyes 
the direction movement series black stripes light background 
but showed absence the expected quick recovery phase. 


(7) Caloric testing with cold water showed response either ear. Testing with 
warm water the left ear produced slow drift the eyes the right without 
nystagmoid movements, while the right ear produced slow drift the 
eyes the left with occasional nystagmus the right. 


(8) Reading speed was somewhat slow and was accompanied frequent head-jerks. 
Being unable move his eyes effectively along line words, accomplished 
the same end moving his eyes with series two three head-jerks the 
right per line. When reached the end line, jerked his head the left 
order bring his eyes the new fixation point the beginning the next 
line (fig. 4). 

Whereas his regular gait was normal, was awkward heel-to-toe walking 
(fig. 5). was also somewhat clumsy making sharp turns (fig. 
his toes alone, his heels, was performed normally and showed 
other gait abnormalities. 


the basis these findings was given diagnosis congenital ocular motor 


apraxia, was reassured that his condition was benign one, and was discharged 
without medication. 
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REPORTED CASES CONGENITAL OCULAR APRAXIA 


review the cases presented Cogan (1952) and the single 
cases reported since then (Reed and Israels, 1956; Urrets-Zavalia and 
Remonda, 1957; Keiner and Keiner, 1958; present report) shows that 
certain findings were shared all the majority patients whom 
pertinent information was available (Table I). date, this condition 
has only been described males. all cases, the first signs ocular 
abnormalities were noted early infancy. the babies were initially 
thought blind because failure show the expected movement 
their eyes toward objects presented them (Cogan’s Cases and 3). 
Later these well all others, developed the typical head movements 
order compensate for their inability move their eyes voluntarily. 
This was the commonest presenting complaint and was described 
jerking, swirling, turning, thrusting. 

All the patients showed defective horizontal eye movements re- 
sponse both simple command and sudden attraction objects 
brought into their peripheral fields. Such movements were completely 
absent the patients also showed abnormal following move- 
ments the eyes. The ocular findings were symmetrical three-fourths 
the cases. 

All the cases showed contraversion their eyes head-turning 
when they were rotated vertical axis. Such response normally 
expected newborns (Doll’s eye reflex) but not children and adults. 

Random eye movements were universally normal all fields gaze 
but when voluntary conscious effort supervened, such movements 
horizontal direction became difficult impossible. Vertical eye move- 
ments were completely normal the cases and were slow and 
somewhat unsteady case. 

All the patients tested for horizontal optokinetic nystagmus showed 
the normal slow following phase (Cogan and Loeb, 1949; Crosby, 1953) 
but showed either complete nearly complete absence the quick 
recovery phase. Both the slow and fast components were present when 
vertical optokinetic testing was carried out. 

Reading difficulties were encountered all the patients who had 
reached reading age, and slowness reading was actually the presenting 
complaint Cogan’s Case 9}-year-old boy. Visual acuity was 
normal insignificantly reduced all except one case and was not 
responsible for reading problem. 

Gait abnormalities were mentioned the histories patients and 
were described awkwardness, occasional stumbling, difficulty making 
sharp turns, and cases delay learning walk. Only Cogan’s 
Case who had bilateral spasticity and right hemiparesis, was there 
discernible neurological explanation for these abnormalities. 

With regard the presence other congenital anomalies, patient 
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had strabismus, Cogan’s Case had webbing between his second and 
third toes, patient had alternating esotropia plus abnormal macular 
pigmentation, and the present case, addition his alternating eso- 
tropia, showed wide inter-orbital distance skull films. X-rays the 
skull other patients were normal. 

the children had contend with utero insults, and all may 
have suffered therefrom. Case showed signs foetal distress 
during his mother’s prolonged labour and had three generalized seizures 
during the first week life. Cogan’s Case previously mentioned, 
showed the probable effects his mother’s carbon monoxide poisoning 
her second month pregnancy during which she was comatose for 
twelve hours. Urrets-Zavalia and Remonda’s case, who showed delayed 
speech well delayed walking, was exposed the threat abortion 
during his mother’s seventh month pregnancy. 

All the patients showed normal intelligence and case was 
there family history ocular abnormalities neurological disease. 


DISCUSSION 


This syndrome presents number interesting features and 
appropriate enquire into the nature their interrelationship. 

The importance man the ocular fixation reflex readily apparent, 
for individual’s reactions his environment rely heavily upon the 
clarity foveal vision and the fixation reflex which keeps objects 
interest and importance centred the fovea (Holmes, 1938). Voluntary 
effort alone insufficient maintain such fixation, point clearly 
demonstrated patients whose fixation reflex has been destroyed 
(fixation palsy). Such patients, despite normal voluntary eye movements, 
have considerable difficulty with visual acuity especially when they are 
motion because their eyes are constant oscillation about the object 
fixation and the image thus blurred (Holmes, 1938; Ford and Walsh, 
1940). 

The fixation reflex higher type than reflexes controlled lower 
centers (e.g., spinal reflexes) since consciousness and interest are required 
for its normal operation (Holmes, 1938; Ford and Walsh, 1940). The 
afferent side its reflex arc includes the retina and the well-known visual 
pathways the occipital lobes, while the efferent limb cortico-mes- 
encephalic tract travels through the posterior limb the internal capsule 
the superior colliculi (Alfano, 1955; Cogan, 1956). The occipital 
cortex not only receives and interprets the sensation vision but also 
thought regulate those reflexes and functions upon which clear vision 
depends, i.e.: fixation, fusion, accommodation, convergence, following, 
and attraction the eyes sudden visual stimuli (Holmes, 1938; Biels- 
chowsky, 1935; Cogan, 1956; Tour, 1956). 

Useful purposive eye movements depend large extent upon the 


BRAIN—VOL. 


584 PAUL ALTROCCHI AND JOHN MENKES 


smooth interplay between the occipital lobe fixation reflex and the higher 
centre for volitional ocular movements which lies area the posterior 
portion the second frontal convolution (Holmes, 1938; Ford and 
Walsh, 1940; Crosby, centre not only controls voluntary 
eye movements but also capable inhibiting the fixation reflex, thus 
permitting the eyes move away from one fixation point another 
(Holmes, 1938; Ford and Walsh, 1940; Smith, fibres 
from this centre descend the anterior limb the internal capsule and 
pass through the basal ganglia their way the mid-brain ocular 
centres (Smith, 1949; Cogan, 1956; Tour, 1956). 

Gowers 1879 first described the clinical result loss control over 
voluntary eye movements, and Gordon Holmes between 1916 and 1938 
made several important contributions this subject (Smith and Holmes, 
1916; Holmes, 1918, 1930, 1938). the Victor Horsley Memorial 
Lecture 1938, Holmes emphasized that should the normal voluntary 
control over eye movements become defective, that patient can 
longer wilfully turn his eyes desired direction, then associated 
exaggeration the no-longer-inhibited fixation reflex occurs, resulting 
Thus the eyes, once fixed upon object, may 
become that only interruption the retinal 
impulses will allow the eyes stray elsewhere. This accomplished 
blinking the eyes, jerking the head, placing hand between the eyes and 
the fixated object. 

his own patients with bilateral frontal lobe lesions, Holmes noted 
that whereas their random ocular movements were normal and full, they 
were unable move their eyes upon command despite great effort. They 
could follow only slowly moving objects; they were slow readers; the 
fast phase optokinetic nystagmus was absent; and rotation the head 
caused contraversion the eyes. Holmes noted that manceuvres which 
prevented visual fixation also prevented contraversion and attributed this 
and several the other defects anchored fixation although labyrinthine 
responses, likewise freed from the usual cortical inhibitory influences, 
also appeared play role (Bielschowsky, 1935; Tour, 1956). The 
findings the case report presented here are consistent with this inter- 
pretation. Thus heightened fixation reflex satisfactorily accounts for the 
observation that although head-jerking caused contraversion the eyes 
when the eyelids were open, such contraversion was prevented when the 
eyelids were closed during head-jerking. Similar findings were noted 
the cases Reed and Israels, and Urrets-Zavalia and Remonda. An- 
chored fixation likewise appears explain certain other abnormalities, 
such as: eye-contraversion slow rotation the head; persistence 
contraversion for several seconds after labyrinthine reflex should have 
subsided; and the obvious attempts break fixation repeated blinking 
further head-jerking. Heightened fixation may also explain the 
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absence nystagmus cold caloric stimulation our patients 
Holmes reached similar conclusion when demonstrated that the normal 
caloric response would reappear his patients when visual fixation was 
inhibited (Holmes, 1938; Bender, 1955). However, uninhibited labyrin- 
thine reflexes (Ford and Walsh, 1940; Crosby, 1953) provide the best 
explanation for our patient’s ocular behaviour during and immediately 
after rapid body-turning and may also play role the eye contraversion 
rapid head-turning. 

The striking similarities between the syndrome congenital ocular 
motor apraxia and that described Holmes cases bilateral frontal 
lobe lesions make attractive speculate that the fault congenital 
cases also lies the frontal oculomotor centres area projection 
tracts from them. Destruction the eye motor centre area does not 
cause similar type deficit either man experimental animals 
(Crosby, Cogan and Adams (1953) recently reviewed the subject 
acquired ocular motor apraxia and likewise concluded that the ocular 
motor centres the premotor area the frontal lobe were the likeliest 
sites damage. The actual nature and location the lesion lesions 
responsible for the congenital syndrome, however, remain unknown, and 
since the condition non-progressive and benign, detailed pathological 
studies have not yet become available. Absence the fast phase 
horizontal optokinetic nystagmus little help localization since lesions 
any lobe the cerebral hemispheres various subcortical sites 
have been associated with such finding (Fox and Holmes, 1926; Cogan 
and Loeb, 1949; Carmichael, Dix and Hallpike, 1954; Bender, 1955). 
Although his cases showed other evidence brain injury, Cogan 
(1952) rightly pointed out that one cannot therefore assume that the 
syndrome necessarily results from damage properly formed brain 
structures; also possible that certain tracts areas did not form 


failed link together during embryonic development. The 


presence higher than normal incidence other congenital anomalies 
these patients might favour the latter explanation certain cases. 

The gait abnormalities, found out patients with congenital 
ocular motor apraxia, have not yet been explained satisfactorily. These 
abnormalities were associated all except one case with normal muscle 
strength and apparently normal cerebellar function. Since rotation 
the head leads contraversion the eyes, conceivable that awk- 
wardness making sharp turns may partially explained the extra 
time required these patients orient their eyes properly the straight- 
ahead position for initiation gait the new direction. Sharp turns 
the present patient were somewhat hesitating and required head-jerking 
interrupt fixation the eyes the contraverted position. The other 
gait abnormalities, however, are less readily explained the basis the 
defects ocular movements. 
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The majority patients with congenital ocular motor apraxia showed 
absent abnormal horizontal attraction and following movements. 
the present case, these eye movements could carried out fairly success- 
fully two three times succession, but then the eyes became fixed 
lateral position and all further eye movements were impossible until the 
fixation reflex was interrupted head-jerking blinking. Thus, 
although there yet adequate explanation for these defects ocular 
motility, appears that the heightened fixation reflex may play role 
the observed deficit. 

Difficulty reading appears qualify part the syndrome 
congenital ocular motor apraxia (Reed and Israels, 1958), having been 
noted all patients who had reached reading age. The difficulty seems 
reside inability move the eyes rapidly from word word, 
i.e. scan line, and also inability shift the eyes quickly the 
next line. These defects may attributable not only defective volun- 
tary eye movements and defective following, but also the exaggerated 
fixation reflex. Thus, although our patient other occasions showed 
degree control over his eye movements which should have allowed 
him move his eyes successfully, albeit somewhat slowly, along line 
print, was unable without head-jerking. Thus had 
jerk his head the right two three times per line order shift 
fixation and then had jerk his head back the left put his eyes into 
position start the next line. The head-jerking appeared serve the 
dual purpose interrupting the exaggerated fixation reflex and also 
carrying the eyes passively their new fixation point. Holmes encount- 
ered similar reading problems his patients with frontal lobe lesions and 
attributed the defect mainly spasmodic fixation. 

appears, therefore, that although defective voluntary horizontal eye 
movements comprise the primary abnormality congenital ocular motor 
apraxia, the secondarily heightened occipital fixation reflex which 
induces accentuates many the other abnormalities. Thus the syn- 
drome provides further clinical example the correctness Sherring- 
ton’s emphasis the machine-like intrinsic fatality reflexes whose 
neural arcs have been separated from the controlling influence higher 
centres (Sherrington, 1906). 

Perhaps the main importance establishing the correct diagnosis 
congenital ocular motor apraxia divest the patient any previously 
inaccurate and possibly harmful diagnostic labels such cerebral palsy, 
psychogenic disorder, epilepsy. There should little difficulty 
differentiating this syndrome from other disorders which present ocular 
motor abnormalities, such pseudo-ophthalmoplegia (Bielschowsky, 
1935; Cogan, 1952; Cogan and Adams, 1953), simple paralysis con- 
jugate gaze, ataxia-telangiectasia (Wells and Shy, 1957; Boder and 
Sedgwick, 1958; Smith and Cogan, 1959), fixation palsy, the heightened 
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fixation reflex sometimes encountered with multiple cerebral lesions 
(Holmes, 1918; Hécaen and Ajuriaguerra, 1954). There present 
medication recommended for congenital ocular motor apraxia, but 
patients can reassured its benign, non-progressive nature. Gait 
training and remedial reading might considered these present special 
problems. 

The term apraxia congenital ocular motor apraxia describes the in- 
ability execute voluntary horizontal eye movements full range 
random eye movements (Smith and Holmes, 1916; Cogan, 1952; List, 
1956; Walsh, 1957). was not meant apply the jerking head move- 
ments, which actually represent admirable adaptation the potentially 
crippling combination defective voluntary eye movements and anchored 
fixation. Without devices interrupt the heightened fixation reflex, 
these patients would considerably handicapped; is, they are able 
lead quite normal lives. 


SUMMARY 


(1) case congenital ocular motor apraxia described and the 
pertinent literature reviewed. 


(2) All the reported cases have shown the following features: 
(a) Symptoms first noted infancy. 
(b) Absent defective voluntary horizontal eye movements. 
(c) Absent defective horizontal attraction movements the eyes. 
Normal and full random eye movements. 
(e) Characteristic jerking movements the head. 
(f) Absent defective quick phase optokinetic nystagmus. 
(g) Contraversion the eyes head-rotation vertical axis. 
(h) Reading difficulties patients who had reached reading age. 
(i) date, all patients have been males. 


(3) The majority cases have shown these additional features: 
(a) Normal vertical eye movements. 
Bilaterality and symmetry abnormal findings. 
(c) Awkwardness gait, often history only. 
(d) Absent defective horizontal following movements the eyes. 


(4) The interrelationship between the various manifestations the 
syndrome discussed. 


The authors wish express their appreciation Dr. Sidney Carter for 
his encouragement and advice during the preparation this study, and 
Dr. Milton Shy for his helpful criticism the manuscript. 
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PLATE 


Fic. 1.—Voluntary horizontal eye movements command. Patient instructed 
not move his head. (1) Starting position, with head and eyes directed straight 
forward. (2) Eyes are moved slowly and unevenly but successfully his left 
command. (3) Similar degree success the right. (4) Eyes move hesitatingly 
the left once again command, but this time become fixed the lateral position 
and amount voluntary effort can overcome this fixation. (5) Patient blinks, 
interrupting the fixation reflex. (6) Once again the eyes can moved 
voluntarily command, this time the mid-line. (These and subsequent illustrations 
are taken from movie films.) 


illustrate article Paul Altrocchi and John Menkes. 


PLATE LXXXVII 


Fic. and attraction movements, head unrestricted. This sequence, 
less commonly used the patient, similar that found normals. occurred 
with equal frequency the right left but was much less frequent than the sequence 
shown (1) Starting position. (2) Patient either suddenly attracted 
object his right told look the right; eyelids blink and head turns right. 
(3) head reaches target area, eyelids begin open. Note that eyes and head are 
properly orientated the same direction, i.e. toward the new fixation point. (4) Eye- 
lids are fully open; further adjustment head eyes necessary. 


illustrate article Paul Altrocchi and John Menkes. 
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XUM 


PLATE 


Fic. and attraction movements, head unrestricted. This sequence, 
occurring similar manner whether looking the right the left, was the 
patient’s usual response and constituted his presenting (1) Starting 
position. (2) When commanded look his left, when suddenly attracted 
object his left, immediately jerked his head the left without blinking. Note 
the contraversion the eyes the right. (3) order bring the contraverted 
eyes their new fixation point, head overshoots the left. (4) Eyes remain fixed 
new object while head swings back into proper alignment with the eyes. 


illustrate article Paul Altrocchi and John Menkes. 


PLATE LXXXIX 


Fic. (Caption facing plate). 
illustrate article Paul Altrocchi and John Menkes. 


PLATE 


Fic. 4.—Reading speed was somewhat slow and was accompanied frequent 
head-jerks. (1) Starting position. (2) Head-jerk the right, with overshoot. (3) 
Head realigns with eyes. (4) Second head-jerk the right, with (5) 
Head once again realigns with eyes. (6) Eyes reach end line; head-jerks the 
left, with overshoot, bring eyes into position start new line. (7) Head returns 
new starting position. 


Fic. 3.—Horizontal following movements, with head held fixed position. 
(1) Eyes begin follow pen, slowly moving the patient’s left. (2) Eyes lag 
behind. (3) Eyes fixate pen left lateral position. (4) pen moves the 
right, eyes remain the left and are unable follow it. (5) Eyelids 
blink, interrupt heightened fixation reflex. (6) Eyes once again are able move 
the right. 


illustrate article Paul Altrocchi and John 
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THE MORBID ANATOMY CERVICAL 
SPONDYLOSIS AND MYELOPATHY 


MARCIA WILKINSON 
(From the Neurological Department and the Bernhard Baron Institute of Pathology, The London Hospital) 

CERVICAL spondylosis condition which there progressive 
degeneration the intervertebral disc expression two factors 
which may vary independently, ageing and trauma, which may acute 
chronic. the past this condition has been called osteoarthritis, 
cervical spondylitis, herniated disc, chondroma, etc. The term spon- 
rather than inflammatory condition. The main effects the changes 
the cervical spine and surrounding tissues may the nerve roots 
the cervical cord, both may affected. 

Cervical spondylosis very common Jones and 
Spillane (1954) found that per cent people over the age 50, and 
per cent over the age had the typical radiological changes, and 
that per cent those over had some limitation their neck move- 
ments, while per cent had some neurological abnormality. Not all 
patients who have these changes develop symptoms, and the majority 
those who have symptoms root compression. The incidence 
myelopathy difficult assess, the majority patients with 
the shoulder arms are not referred hospital, and 
even hospital practice the incidence myelopathy under per cent. 


HISTORICAL 


The first recorded reference paraplegia following injury the cervical spine 
found the Edwin Smith Papyrus (Breasted, 1930) written four thousand years 
ago. this the surgeon describes cases injury the cervical spine. one 
comments briefly the condition: having dislocation vertebra his 
neck while unconscious his two legs and his two arms and his urine dribbles— 
ailment not another case the advice given, thou examinest 
man having crushed vertebra his neck and (thou) findest that one vertebra has 
fallen into the next one while voiceless and cannot speak, his falling head down- 
ward has caused that one vertebra crushed into the next 

Although not known whether not suffered from any symptoms Sir Walter 
Raleigh had changes his cervical spine which were perhaps those cervical 
spondylosis. John Aubrey (1949) his Brief Lives says that Sir Walter Raleigh’s 
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son, Carew, had “‘digged his fathers grave, that his skull and neck bone being 
viewed, they found that the bone his neck lapped over that could not have 
been hanged.” 

Another early reference cervical spondylosis found James Parkinson’s Essay 
the Shaking Palsy (1817). refers patient B.” subject rheumatic 
affection (who) had felt the usual inconvenience from for two three days; but 
night found the pain had extended down the arm, along the inside the forearm, and 
the side the fingers, which continual tingling was felt. The pain, without 
being intense, was such effectively prevent sleep and seemed follow the course 
the brachial nerve. 

her book Mary Russell Mitford, Watson (1949) says that was the winter 
that Mary Mitford first suffered from the attacks which, 
with increasing severity, were last her all her life. 1852 she had serious accident 
while out her carriage. She was being driven through gate when the carriage 
overturned and she was flung out with great violence the hard road sustaining 
severe injuries. bones were broken but although she did not know her spine 
was injured and she lost all power her lower limbs and her left arm. February 
1853 she had made some progress she was able stand for half minute and drag 
one foot after the other but then she had relapse with recrudescence pain. After 
this her condition deteriorated and March 29, 1854, Miss Mitford wrote: 
and weaker, dearest friend and worse and worse, and writing brings such agony that 
you would not ask for you knew the consequence. seems that the over-turn 
the spine was seriously injured. There was hope that might have got better, but 
last summer destroyed all chance. This accounts for the loss power the limbs, and 
the anguish the nerves the back and more especially those over the chest and 
under the This very good account patient who had brachial neuritis 
and cord compression, and whose condition was made worse fall. 

The suggestion that paraplegia might due pressure the cord. cauda 
equina was made Key (1838). described patients whom compression 
the cord was the upper lumbar thoracic region. obstruction was found 
occasioned projection the intervertebral substance, rather the posterior 
ligament the spine, which was thickened, and presented firm ridge, which has 
lessened the diameter the canal nearly third. When the vertebre had been 
divided longitudinally the saw, the ligament, where passes over the posterior 
surface the intervertebral substance, was found ossified nearly throughout 
the whole its fibres, and considerably increased density.” 


Although lesions the cervical cord had been diagnosed earlier, 
was not until 1892 that the first successful operation was done Horsley 
(Taylor and Collier, operation the cord was found 
compressed transverse ridge projecting backwards from the body 
the vertebra. The patient was 20-year-old builder who, while under 
the influence alcohol, fell off his van the road striking his right 
shoulder. picked himself and walked home, distance three 
hundred yards. The following morning was unable move his right 
arm because pain. Two weeks later the pain became more severe and 
his arms became powerless. Over the next two months gradually lost 
control his legs and sphincters. October 24, 1892, Horsley per- 
formed laminectomy the sixth cervical vertebra, the leptomeninges 
were adherent the theca and transverse ridge bone projected 
backwards from the body the vertebra and pressed upon the cord.” 
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November there was marked improvement movement the 
arms and legs and following the operation had pain. was able 
walk June 1893 and was completely recovered September that 
year. This was example the acute traumatic type case. Another 
case who came operation was described Oppenheim and Krause 
(1909). 

Bailey and Casamajor (1911) discussed osteoarthritis the spine 
cause compression the spinal cord and its roots and reported 
cases, but none these was the cervical cord involved. They noted 
that osteoarthritis the spinal column was extremely common persons 
past middle age and suggested that the primary pathological change was 
thinning the intervertebral discs leading trauma the bodies the 
which turn produced bony overgrowths tending situated 
first anteriorly and laterally and later posteriorly. They also considered 
that these posterior exostoses might compress the cord. 

Elliott (1926) was one the first describe how spinal arthritis 
involving the cervical region might give rise radicular symptoms 
causing narrowing the intervertebral foramina. Stookey (1928) 
described compression the spinal cord due ventral extradural chon- 
dromas. Seven patients were treated surgically and all these pares- 
thesiz had been prominent symptom. 

Schmorl (1929), Schmorl and Junghanns (1932) and Andrae (1929) 
described the anatomical and pathological aspects disc protrusion and 
Beadle (1931) described the normal and abnormal anatomy the disc 
relation certain spinal deformities. (1930) found that the 
water-content the nucleus pulposus the annulus remained approxi- 
mately the same until the fifth decade when rapid loss occurred the 
nucleus accompanied various degenerative changes. Kortzeborn 
(1930) and Elsberg (1928, 1931) described cases where cord compression 
was caused chondromas, but Peet and Echols (1934) were the first 
suggest that the lesion which had hitherto been called chondroma 
ecchondrosis was really protrusion the intervertebral disc itself. 

Mixter and Ayer (1935) reported operations cases protruded 
intervertebral discs which were situated the cervical region, being 
mid-line protrusions and the eighth laterally placed. 

Stookey (1940) amplified his earlier paper and pointed out that pro- 
trusion cervical intervertebral discs occurred chiefly males late 
middle life, the average age his series being 53. distinguished three 
clinical pictures, bilateral ventral pressure indistinguishable from com- 
pression the spinal cord tumour the same position, unilateral 
ventral pressure tending produce Brown-Séquard syndrome, and, 
thirdly, nerve-root pressure. Spurling and Scoville (1944) reported 
verified cases ruptured cervical intervertebral discs. They thought that 
central protrusions were usually the result trauma and tended cause 
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compression while lateral protrusions were usually the result degenera- 
tion and caused pain the shoulder and upper limb. Bradford and 
Spurling (1945) considered that the poor results obtained from operation 
the cases with compression the spinal cord were due the existence 
irreversible changes the anterior part the spinal cord produced 
the repeated traumatisation which must occur with the movements the 
neck. Bull (1948) correlated the anatomy the joints the cervical 
spine with the mode production the symptoms caused this 


‘disease and their abnormal radiological appearances. drew attention 


the importance the neurocentral joint Luschka and pointed out 
that the presence osteophytes invading the intervertebral foramen did 
not necessarily mean pressure the nerve, and, conversely, the absence 
osteophytes did not exclude pressure the nerve, for the pressure 
might due swollen periarticular tissues which not cast shadow 
the X-ray. 

Brain (1948) discussed the importance vascular factors disturbing 
the functions the cervical cord for some segments below the site 
compression. drew distinction between acute cervical disc-protru- 
sions, often traumatic origin and more likely compress the nerve 
roots than the spinal cord, and chronic protrusions associated with 
osteophytic outgrowths, and responsible for cord-compression most 
the cases which occurred. 

Barnes (1948) discussed the protrusion intervertebral discs relation 
injuries the cervical spine and drew attention the group patients 
whom damage the spinal cord produced hyperextension 
neck which already the site osteoarthritic changes. Taylor and 
Blackwood (1948) described similar case. 

Frykholm (1951) published monograph concerned only with cervical- 
root compression, but which included comprehensive review the 
degeneration the intervertebral discs. distinguished two types 
disc-protrusion, nuclear herniation and annular protrusion. The first 
type, which forms well-localized mass, due tear the annulus 
and the second type bulging the annulus. both types the size 
the initial protrusion may gradually increase due the addition new 
tissues. nuclear herniation originally soft, but may transformed 
into fibrous cartilaginous mass which calcification may occur. 
annular protrusion originally fibrocartilaginous but may gradually 
become similarly calcified. 

Brain, Northfield and Wilkinson (1952) described series patients 
with cervical spondylosis, whom had compression the spinal cord 
and compression the nerve roots only. patients came autopsy 
and these are included the present paper. The primary lesion was 
found degeneration the intervertebral discs which changes 
these and the neurocentral joints were secondary. distinction was 
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drawn between the more acute lesions, involving mainly the nucleus 
pulposus, and the more protracted processes leading cervical spondy- 
losis through protrusion more composite disc tissues. 

Spillane and Lloyd (1952) discussed the diagnosis lesions the spinal 
cord associated with osteoarthritic disease the cervical spine. Symonds 
(1953) described the interrelation trauma and cervical spondylosis 
compression the spinal cord and discussed the possible mechanisms. 

Mair and Druckman (1953) described the pathology spinal-cord 
lesions and their relation the clinical features protrusion cervical 
intervertebral discs, giving details patients. They considered that the 
changes the spinal cord resulted from compression the anterior spinal 
artery and its branches the protruded disc, the injury principally 
involved the anterior horns, the lateral columns and the anterior part 
the dorsal columns. The lesions were not uniform severity, the less 
damaged portions grey matter exhibiting chromatolysis and neurono- 
phagia while the more severe lesions involved loss nerve cells, gliosis 
and even cavitation. The changes the white matter ranged from swelling 
the myelin and axons with microglial proliferation, destruction 
myelin, axons and glial scar formation; small cavities might occur the 
white matter result necrosis. They further commented that the 
histological changes were those 

Taylor (1953) put forward the theory that cervical spondylosis the 
spinal cord compressed not the disc protrusions alone but also the 
ligamenta flava, which move forward when the neck extended, causing 
recurring trauma the cervical cord raised upon disc-protrusion 
osteophytic bar. considered that where the compressing agent was 
nuclear protrusion (15 per cent his cases) should removed, but 
where bony-ridge composed ossified annulus and osteophytes was 
found, should left undisturbed, and one two and ligamenta 
flava removed, the roots mobilized, and the dura opened the mid-line. 

Pallis, Jones and Spillane (1954) stressed the fact that cervical spon- 
dylosis common disease elderly people. They found that per 
cent people over the age and per cent people over the age 
had the typical radiological changes cervical spondylosis, per 
cent people over had some limitation their neck movements and 
per cent had some neurological abnormality. 

O’Connell (1955) distinguished three types lesion cervical spon- 
dylosis: (1) intervertebral disc-protrusion which space-occupying 
lesion lying within the spinal canal; (2) primary spondylosis which there 
group degenerative changes unknown causation which the 
joints between the vertebral bodies and the posterior joints between the 
articular processes are involved; and (3) secondary spondylosis which 
changes develop intervertebral joint, when there disc protrusion, 
and are therefore localized single level. considered that the 
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intervertebral disc-protrusion not only compressed the spinal cord, but 
also traumatized it, with the production irreversible changes, and that 
the particular characteristics the protrusion were that developed more 
rapidly, was harder consistency, and therefore did not accommodate 
itself the available space. Instead produced severe distortion the 
cord, that was probably the greater because the protrusion occupied but 
small part the length the spinal canal. The extradural position 
protrusion added the risk cord trauma since, during movements 
the spine, the mass would remain fixed while intradural neoplasm would 
move with the theca and cord. 

Payne and Spillane (1957) carried out anatomico-pathological study 
the cervical spines patients using the (1948) 
technique. comparison with the normal anteroposterior diameter 
the cervical canal from they found that myelopathy due 
cervical spondylosis the average measurement was smaller about 
3mm. Spondylotic changes reduced the size the canal but myelopathy 
was more likely occur when the original dimensions were smaller than 
normal. They deemed that their investigations also showed that the so- 
called joints” were more than unco-vertebral fissures the 
lateral parts the cervical discs. cervical spondylosis considerable 
alterations took place the shape and texture the vertebral bodies, and 
defects the cartilage plates allowed nuclear displacement into the 
cancellous tissues the bodies the adjacent When the disc 
was narrowed, the resulting approximation the bodies the adjacent 
vertebre led deformity the uncus, marginal lipping, partial occlusion 
the intervertebral foramina, and ridge-formation the anterior wall 
the spinal canal. Herniation disc tissue through the annulus was 
commonly associated with these changes. The cervical nerves were found 
kinked compressed the result changes taking place the 
neighbourhood the intervertebral foramina. 

This paper based series patients whom autopsy was 
done. The entire cervical spine and upper dorsal were removed 
from the cadaver single block with the cord intact, and the lower part 
the cord was also removed but not the surrounding vertebre. The 
specimens were then fixed for four weeks, that the relationship the 
cord and nerve roots the surrounding tissues was disturbed little 
possible. The dissection was then completed stages. 


BONE AND Disc LESIONS CERVICAL SPONDYLOSIS 
The Spinal Canal 
The atlas and axis differ from the other cervical vertebre that the 
spinal nerves emerge posteriorly the occipito-atlantal joint and the 
corresponding joint between the atlas and the axis, and also that there 
intervertebral disc between the atlas and the base the skull 
between the atlas and the axis. 
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Wolf, Khilnani and Malis (1956) measured the anteroposterior diameter 
the spinal canal 200 normal adults under standard conditions. They 
found that from the average measurement was mm., and they 
concluded that cord compression was likely occur when the figure was 
mm. less. Payne and Spillane (1957) found that myelopathy due 
cervical spondylosis the average measurement was smaller about 
mm. (i.e. about changes reduced the size the 
canal, but myelopathy was more likely occur when the original 
dimensions were smaller than normal. 


The Intervertebral Discs 


The intervertebral discs are interposed between the adjacent surfaces 
the bodies the and their thickness varies different regions 
the column and different parts the same disc. They are thicker 
front than behind the cervical region, and this contributes the 
anterior convexity this part the column. the loss the normal 
structure the disc that one the main causes the alteration the 
normal curve the cervical spine patients with cervical spondylosis. 
The discs are adherent their surfaces the layers hyaline cartilage 
which cover the upper and under surfaces the bodies the vertebre: 
they are also continuous with the anterior and posterior ligaments. 
Rupture these ligaments injuries the neck allows protrusion 
the nucleus pulposus, which young adults under pressure. Petter 
(1933) found that when the annulus fibrosus lumbar disc sectioned 
the expansion average mm. and that this could usually 
standing and may exceptional circumstances rise 300 


The intervertebral discs constitute about one-fourth the length the 
vertebral column, and the cervical and lumbar regions have, proportion 
their length, much greater amount than the thoracic region, with the 
result that the cervical and lumbar spines possess greater pliancy and 
freedom movement. Bull (1948) estimated that the nucleus pulposus 
constituted about per cent the volume the disc and that the 
cervical region the average volume the disc between was 1-0 ml., 
that between was 1-2 ml. and that between was 1-4 ml. From 
these figures estimated that the entire protrusion the nucleus between 
occupied volume ml. Such body spherical would have 
diameter 0-7 cm. and this was regarded the maximum volume 
that could extruded. From this clear that seldom ever the 
protrusion the nucleus pulposus alone sufficient cause compression 
the spinal cord, although lateral protrusion may easily compress the 
appropriate nerve root. This borne out the fact that traumatic 
lesions young people usually cause root lesions, and where there 
cord compression there usually fracture dislocation the cervical 


596 MARCIA WILKINSON 


spine. The picture cervical spondylosis more complicated because, 
addition the protrusion the nucleus pulposus, there osteophyte- 
formation and fibrosis, especially the root sleeves described 
Frykholm (1951). 

Piischel (1930) states that the water-content the disc highest the 
newborn, and decreases with age. higher the nucleus 
than the annulus and the ratio the water-content the annulus 
that the nucleus remains approximately the same until the fifth decade 
when rapid loss occurs the nucleus pulposus accompanied degener- 
ative changes. Saunders and Inman (1939) observed close correlation 
between elasticity and water content the nucleus pulposus and they 
considered that progressive desiccation was major factor the destruc- 
tion the disc. 

X-rays the cervical spine cervical spondylosis typically show 
narrowing the intervertebral space well other changes. 
section the spinal column this narrowing found due disc- 
degeneration. The residue the disc composed fibrillated and 
fissured Schmorl and Junghanns (1932) examined the 
whole spinal column series 4,253 cases and found osteophytes 
per cent all males over 50, and per cent all females over 60. 
They thought that the changes the discs were essential for osteophyte- 
formation and that disc degeneration was not invariably followed 
exostoses. They considered that abnormal strains the spinal ligaments 
attached the vertebral bodies either side collapsed disc, 
loosening the connexion the fibres arising from the ring epiphysis, 
allowed the annulus fibrosus squeezed out, and that the increased 
mobility the vertebre stimulated the formation new bone beneath 
the periosteum. Shore (1935) stated that intervertebral disc without 
its turgescent nucleus, instead keeping pair vertebral bodies 
proper separation, was more than mass inelastic tissue 
pressed and moulded the direction the between which 
lies. possible that the degenerated disc will spread under the weight 
imposed and exert pressure circumferential ligaments bulging them. 
The collapsed disc may protrude between the vertebral margins from 
which project spurs new bone enclosing the protruded disc. 

Horwitz (1940) analysed the degenerative changes the cervical 
portion the spines adult males, the average age being 56, and the 
ages the patients ranging from 80. found changes the 
intervertebral discs (76 per cent) and these most frequently involved 
the lower cervical segments. They consisted various stages fibrilla- 
tion, fissuring, brown degeneration, narrowing and ossification the 
disc, and were associated with various stages both sclerosis the 
adjacent vertebre and marginal bony proliferation. were 
found (70 per cent) the specimens, and were most advanced 
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the anterolateral portion the vertebral body especially the lower 
cervical Ossification the intervertebral disc, accompanied 
fusion the intervertebral bodies, was observed these instances. 
Narrowing the entire intervertebral disc was associated with loss 
the normal anterior curvature the cervical spine and widening the 
intervertebral foramina. Loss the posterior portion the disc was 
associated with exaggerated cervical lordosis and narrowing the inter- 
vertebral foramen. Diminution the lumen intervertebral foramen 
was most frequently due encroachment the anterior surface 
posterior lipping the adjacent vertebral body (this the change com- 
monly found cervical spondylosis), and encroachment its posterior 
surface marginal proliferation the articular facets. Such changes 
were present (40 per cent) the specimens. 

Pallis, Jones and Spillane (1954) found similar incidence changes 
the cervical spine. patients over the age 50, per cent 
showed narrowing the spinal canal due various combinations 
posterior osteophytes, subluxation cervical vertebre and loss normal 
cervical lordosis. The same percentage showed narrowing the inter- 
vertebral foramina due osteoarthritic changes the neurocentral and 
apophyseal joints. These results were based clinical and radiological 
studies. 

Two main types disc protrusion may occur, nuclear protrusion and 
annular herniation. These two types were first distinguished Brain 
(1948) and were later confirmed Frykholm (1951). 

(1) Nuclear this type disc-protrusion circumscribed 
mass formed the extrusion nuclear material through tear the 
annulus fibrosus relative the strain put upon excessive movement 
the neck, and usually due rupture normal annulus fibrosus 
following injury the neck. can thus regarded traumatic. This 
type lesion most commonly occurs young people. few cases 
there may pre-existing weakness the annulus fibrosus, and symptoms 
may develop without the neck’s being subjected any unusual stresses 
strains. 

(2) Annular the more common type disc lesion 
and occurs middle-aged and elderly people. During ageing the inter- 
vertebral disc becomes dehydrated and loses its elasticity; result 
this collapses, and the annulus bulges all directions. Local bulgings 
may arise any point, and are most likely occur there any weak- 
ness the fibres the annulus. The bulging may central, lateral 
anterolateral, there may combination any these. the 
lesion central the signs cord compression are most likely occur, 
while lateral lesions will give signs root compression, there may 
combination root and cord signs. The protruded material becomes 
vascularized, the amount fibrous material increases, and later may 
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calcify. Reactive changes occur the bodies adjacent and 
osteophytes are formed, which tend fuse with the prolapsed disc 
material. Sclerosis the bodies the vertebre also found. 
addition the protrusions the collapse the disc results subluxation 
the corresponding intervertebral joints, with secondary osteophyte- 
formation the articular processes leading further narrowing the 
intervertebral foramina. The spondylotic changes may occur one 
more joints the cervical spine may part process involving 
greater lesser extent the whole spine. The lesions are single only 
about per cent patients. 

autopsy was done patients: had single disc protrusions, 
two protrusions, three protrusions, four protrusions and five pro- 
trusions. The distribution shown the following table. 

Protrusions corresponding the disc between were the most 
common, being present patients: the other levels commonly involved 
were (11 patients) (12 patients) and patients). The 
disc between was involved only slight degree patients and 
that between patients. Where the protrusions were multiple 
one was often larger than the rest and the main protrusion was opposite 
were two main protrusions opposite and 

The degenerated disc-tissue bulges between the anterior and lateral 
margins adjacent vertebre because, through forward tilting these 
pressure exerted the anterior part the disc. Forward 
protrusion the mid-line probably prevented normally the anterior 
common ligament but either side this ligament the periosteum 
becomes elevated, and the area periosteal elevation new bone 
ultimately formed. Similar but usually less marked changes occur 
posteriorly. The latter protrusions, although smaller and less obvious 
radiologically, have much greater clinical importance account 
their intimate relation with the spinal cord and nerve roots. The osteo- 
phytes are constructed new periosteal bone laid down outside the 
corticalis the vertebral bodies. first coarsely trabeculated 
compact, but may later become cancellous (figs. and Plate 
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the cervical spine the atlas and axis differ from the other 
that the spinal nerves emerge posteriorly the occipito-atlantal joint and 
the corresponding joint between the atlas and the axis and since there 
intervertebral disc between the atlas and the base the skull 
between the atlas and the axis. other levels the spinal nerves leave 
the spinal cord through the intervertebral foramina. The posterior wall 
the foramen formed the superior articular process the vertebra, 
which turn covered posteriorly the inferior articular process the 
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TABLE SHOWING INCIDENCE Disc PROTRUSIONS 
PATIENTS WHO CAME THE AUTOPSY 


Patient 


! 


vertebra above. The anterior wall formed the bodies the adjacent 
and the intervertebral disc. The spinal nerves are covered 
sheath dura they leave the spinal cord, the dural root pouch. 
the bottom the root pouches there are two openings, the dural root 


ostia, and each root ostium leads into individual root sleeve. 


The 
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root sleeves, which are lateral extensions the dura, are separated 
small cleft known the inter-radicular foramen. Between the dural 
sac and the dorsal root ganglion the two roots lie close together and are 
called the radicular nerve. Normally this radicular nerve occupies one- 
fifth one-fourth the foramen. Frykholm (1951) has shown that there 
considerable variation the morphology the lower cervical nerves 
and their root pouches, and that age advances they become relatively 
fixed and therefore more liable damage. thought that the patho- 
logical lesion responsible for radicular symptoms was root sleeve fibrosis 
characterized thickening and opacity the dural root sleeve and 
adjacent parts the dural sac accompanied thickening and fibrosis 
the arachnoid membrane the vicinity the root ostia. 

The two types disc lesion which may cause pressure the radicular 
nerves nerve roots are (1) dorsolateral protrusion which does not 
invade the intervertebral foramen but may compress the intrameningeal 
nerve roots against the vertebral lamine and (2) intraforaminal pro- 
trusion which comes from the uncinate part the disc and compresses 
the radicular nerve against the articular process. The extent root 
compression related the angulation the radicular nerve and its 
situation the foramen well the size and position the pro- 
trusion. Marginal lipping and narrowing the disc leads secondary 
osteophyte formation the articular processes which causes narrowing 
the foramen posterolaterally. 

Frykholm (1951) has studied the pathological effects the bony 
changes the neighbourhood the intervertebral foramen. These give 
rise what calls fibrosis” characterized (1) thickening 
and opacity the dural root sleeve and adjacent parts the dural sac; 
(2) narrowing complete abolition the dural funnel, which forms the 
root pouch; (3) sharpening the upper and lower duro-radicular junction 
which sometimes causes distinct constriction notching the radicular 
nerve; (4) thickening the dura the root ostia, and, occasionally, 
thickening the intra-radicular septum, resulting constricting ring 
fibrous tissue around each nerve root; (5) thickening and fibrosis the 
arachnoid membrane the neighbourhood the root ostia, and (6) 
disintegration and hyalinization the dural tissue involved. 

Marginal lipping and narrowing the discs lead secondary osteo- 
phyte formation the articular processes, which causes narrowing the 
foramen posterolaterally. Some all these changes were found all 
patients this All had opacity and thickening the dural root 
sleeves, and adjacent parts the dural sac one more nerve roots 
(fig. 5), and most these there was narrowing the dural funnel. 
Sharpening the upper and lower duro-radicular junction was well shown 
one (fig. 6), and thickening the root dura the root ostium 
another. These patients also showed thickening and fibrosis the 
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arachnoid the neighbourhood the root-ostia. one patient the 
anterior root the right sixth cervical nerve was compressed and had 
undergone wallerian degeneration. 


COMPRESSION THE SPINAL CORD 

The pathogenesis the myelopathy cervical spondylosis complex, 
and number factors are concerned, the most important which are 
compression the spinal cord one more protruded discs, trauma, 
and interference with the blood supply. This interference may tem- 
porary permanent. When spondylotic boss bar present the 
anteroposterior diameter the cervical canal diminished. Payne and 
Spillane (1957) found that cervical spondylosis the average measure- 
ment the spinal canal was smaller about mm. and that the smaller 
measurements were found not only the levels the diseased 
and discs but also throughout the cervical spine. The cervical cord 
oval cross section and the cervical canal the level the pedicles 
roughly triangular. There therefore much less likelihood the cord’s 
being compressed the lateral direction, and when compressed 
the anteroposterior direction the anterolateral recesses may remain open 
and serve pathway for the flow the cerebrospinal fluid. 

The neck constant movement throughout waking life, and consider- 
able movement still occurs spine which the site severe spondylosis, 
especially heavy work being done. There may also pathological 
movement, when one vertebra slips forwards backwards the one 
below, when the neck flexed extended. early life the cord lies 
freely the cervical canal, but, Abdullah (1958) has shown unfixed 
specimens, extension the root-sleeves become taut, and more 
oblique, and the nerve roots less angulated the ostium, while the 
opposite occurs flexion. Any adhesions the dura the posterior 
longitudinal ligament increase these stresses and strains, and other factors, 
which root-sleeve fibrosis one, also tend render the cord less 
mobile. The limited mobility the cord cervical spondylosis adds 
the traumatic effect repeated movement the neck, when the cord 
already compressed disc-protrusion. 


The Blood Supply the Spinal Cord 

The arterial blood supply the spinal cord described 
coming from one anterior and two posterior spinal arteries. The anterior 
spinal artery arises the union branches from the vertebral arteries 
and traverses the cord its lower extremity. Doherty, Suh and Alexander 
(1938) made experimental injections the vessels the spinal cord. 
They found that filling the cervical vessels could only obtained 
injections from above, and filling the lumbar and thoracic regions 
could achieved only injections from below. Bolton (1939) found 
that there was approximately the first thoracic segment. 
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Ziilch (1954) quotes Schneider’s (1951) “‘last field” theory, and applies 
lesions the spinal cord. This states that irrigation system 
the head pressure inadequate the last field supplied system 
pipes will the first suffer. The blood supply the spinal cord can 
divided into two main territories, that the anterior spinal arteries 
derived from the vertebrals, and that the radicular arteries derived from 
the aorta. The two territories meet the level Th4, the vertebral 
supply receives reinforcement from branch the sub- 
clavian. addition the perforating arteries which enter the cord are 
arranged more less radially that their occupies area 
around the central canal. lesion the lower cervical region may 
therefore, there involvement the main source the arterial 
blood supply, give signs centrally placed lesion 

Woollam and Millen (1955) work primarily the spinal cord the 
rat, but also few human spinal cords, suggest that the arterial supply 
the cord from anterior anastomotic chain which formed entirely 
anterior radicular arteries, with the exception the upper cervical 
part the chain which formed the anterior spinal branches the 
vertebral arteries. The radicular arteries run along the ventral nerve 
roots reach the anterior surface the cord. Each these vessels 
divides near the mid-line into ascending and descending branch. The 
ascending and descending branches form mid-line chain anastomoses 
which runs along the whole length the cord. The radicular vessels are 
derived from arteries the neighbourhood the vertebral column, and 
are comparatively constant their arrangement. Three four large 
radicular arteries supply the cervical region, and the branches anastomose 
freely. Central branches each segment pass from the ascending and 
descending branches the radicular arteries into the anterior median 
fissure enter the substance the cord. These branches supply the 
bases the anterior horns the grey matter, and usually pass alternately 
the right and left side. entering the grey matter each vessel breaks 
into arterioles, which are distributed the anterior and lateral horns, 
and the basal part the posterior horn. cm. the cervical cord 
the rat, twelve central branches are distributed each side. 

the posterior aspect the spinal cord relation the dorsal 
nerve roots there are two smaller anastomotic chains. These are much 
less constant than the anterior chain, and form irregular loops between 
each other. They are formed the radicular vessels which arise from the 
arteries the neighbourhood the vertebral column, and reach the 
posterolateral sulcus passing along the dorsal nerve roots. Central 
branches arise from these posterior arteries, and pierce the tip the 
posterior horn grey matter supply that part the posterior horn 
which not supplied the central branches the anterior vessels. 
the arterial blood supply the same man the rat, the blood flow 
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the mid-line anastomotic channel (anterior spinal artery) means 
all one direction, but will opposite directions different levels, 
that say, several will produced points more 
less equidistant from the point division the large radicular arteries 
into ascending and descending branches. the upper part the cervical 
cord the blood flow will from above downwards, the blood supply 
from the descending branch the anterior spinal artery, any rate 
until meets the blood coming from the ascending branch the first 
significant cervical radicular artery. There will also marked “‘water- 
the junction the thoracic with the cervical cord, the blood 
supply the thoracic region primarily from below. 

Abdullah (1958) has pointed out that the vertebral artery very 
close relationship the ganglia and that the posterior branches the 
vertebral artery are given off the artery crosses it. this point the 
whole the anterior surface the ganglion close contact with the 
vessel. The position the ganglion relation the intervertebral 
foramen variable, but the ganglion situated outside the interverte- 
bral foramen the artery related greater area and any tortuosity 
the artery relation spondylotic joint may cause disturbance the 
related nerves and ganglia, either direct pressure alteration the 
circulation. The circulation the artery may disturbed lateral 
flexion and rotation the lower cervical and thus the nerves, 
and possibly the cord, may affected. The bones and joint capsules 
related the nerves may also affected they receive numerous 
branches from the vertebral artery and possible that changes them 
are partly reflection the efficiency this blood supply. 

Abdullah has also described arcuate vessels the medial side the 
centre the seventh cervical and first thoracic ganglia. These vessels 
sweep through the ganglia towards the anterior and posterior roots 
the nerve, and would suffer particularly from adhesions and compression 
the root sleeves. Their incidence and importance has not yet been 
assessed. 

Recently attention has been focused the proximal part the verte- 
bral artery the production symptoms (Hutchinson and Yates, 1956). 
Spondylotic changes may cause deviation the vertebral artery (figs. 
and 7), and possibly thereby render more likely for atheromatous 
plaque develop. The artery may displaced laterally, posteriorly 
posterolaterally. Vertebral angiography may demonstrate the site the 
block, and decompression may possible. Very often the block 
intermittent, symptoms being brought turning the head. 
the apophyseal joints occasionally occurs and where present this may 
another factor causing compression the vertebral artery. 


The Significance Trauma 
The most common injury the cervical spine one which the 
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cervical spine hyperextended. This type injury may occur when 
patient falls downstairs Cases and after blow the head, 
fall (Cases and 4). Forcible extension may cause rupture the anterior 
longitudinal ligament (figs. and 9), and where this occurs the upper 
vertebra may slide back the lower one causing crushing the cord 
(fig. cervical spondylosis present, the effect the injury 
accentuated because, where spondylotic boss bar present, the 
anteroposterior diameter the cervical canal narrowed and the cord 
may compressed Case this patient the cord was compressed 
between the lamina and transverse bar and was tightly 
wedged that small probe could only with difficulty passed alongside 
the dura beneath the neural arch (fig. the neural arch was 
removed the cord could seen flattened and distorted this level 
(fig. 12). The dura may adherent the surrounding bone (fig. 13) 
and root-sleeve fibrosis usually present. These last two changes mean 
that the cord firmly anchored the cervical canal, and therefore the 
liability contusion increased. the injury not very severe, the 
lesion may limited one more roots, but severe, and there 
marked spondylosis, the injury will the cord (Cases and Even 
when there obvious bony displacement, the injury may severe 
that there pulping the cord (Case 4). The effect trauma usually 
accentuate already existing symptoms precipitate the onset 
new ones. 

Major fractures the cervical vertebre are usually either crush- 
fractures one more vertebral bodies, fracture dislocations with 
avulsion comminution the vertebral body and dislocation the 
posterior articulations, fracture the articular processes. Bone 
fractures more easily than the intervertebral disc, but rupture disc 
frequently complicates fracture dislocation, the nucleus pulposus 
escaping through the damaged end-plate, and forcing its way between 
the fragments the shattered bone. major injuries the spinal cord 
may grossly disorganized crushed (Cases and figs. 14, 15, 16, 17, 
even where there little displacement the vertebral axis. Where 
the injury flexion there may rupture all the ligaments and the 
upper vertebra tends slip forward the lower causing compression 
the cervical cord. 


Myelopathy 

The spinal cord less frequently damaged than the nerve roots 
cervical spondylosis but even so, spondylotic myelopathy one the 
commonest diseases the spinal cord during and after middle life. 
the patients this series autopsy had flattening and distortion the 
cord, the extent and site which corresponded the distribution and 
size the bosses and bars the posterior aspect the vertebral column 
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(figs. and 21). The main structural change was patient, 
other the majority, patients, there was demyelination the 
lateral columns the site the lesion. Segments cephalad the most 
damaged segment showed degeneration the dorsal columns (fig. 22). 
the grey matter, nerve-cell damage and loss was sometimes severe 
(fig. 23) (11 patients), and these there was marked cavitation. 
one patient (Case the main lesion was (fig. 24) and (fig. 25), 
there was extrusion necrotic material from lower segments into the 
posterior column. Caudad the lesion there was degeneration the 
lateral columns. 

none the cases this series was there any evidence thrombosis 
the anterior anastomotic chain. The only change found the arteries 
was slight fibrous hyaline thickening, except one where there was focal 
thickening the blood-vessel walls the cervical region, the appearance 
being suggestive post-irradiation changes. specimen was there 
any gross change the anterior spinal artery only. 

this series the adhesion the dura the surrounding tissues has 
been pronounced (fig. 12) and this was most marked where laminectomy 
had been done. addition the dura the cervical region was thickened 
several cases. 

one patient bundles aberrant nerve fibres were found the 
leptomeninges and spinal cord (fig. 26). These are feature regenera- 
tion and were similar those described occurring cervical spon- 
dylosis Mair and Druckman (1953). 

the patients who came autopsy died within three weeks 
heavy fall, the main cause death being compression the cervical cord 
the time the injury, clearly facilitated pre-existing spondylosis. 
others died within few days operation, and one from long-standing 
quadriplegia complicated bronchopneumonia and cardiac ischemia. 
the other patients, died carcinoma, Hodgkin’s disease, and 
cardiac failure. patients had another disorder the nervous system 
addition cervical spondylosis, disseminated sclerosis and syringo- 
myelia 

ILLUSTRATIVE CASE HISTORIES 
Case 1.—R. S., male, aged 59. LH. No. 2976/57. PM. 25/57. Admitted a.m. 


22.1.57. Died 23.1.57. 

Occupation.—Labourer. 

Diagnosis.—Acute injury the cervical spine. Cervical spondylosis. 

History.—On January 20, 1957, fell down flight twelve steps work and fell 
forwards his right temple. was uncenscious for short time; did not 
know for how long, and when came round was unable move his arms legs. 
was admitted another hospital that day and examination there was 
found have flaccid weakness all four limbs the reflexes being preserved. 
the time admission the thoracic and abdominal muscles were active but, over the 
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next forty-eight hours, his condition deteriorated, and the time his admission 
the London Hospital his respiration was entirely diaphragmatic. 

admission the London Hospital January 22, 1957, was orientated 
time and space and was able give clear account his accident and could speak 
and swallow normally. was unable move his arms legs and said that felt 
numb the level his neck. 

Examination.—He was pale and shocked and his breathing was irregular and mainly 
abdominal. had bruising the right upper lid with laceration one inch long 
beneath the outer half the eyebrow. External examination the skull was normal. 
Speech normal. Cranial nerves normal. Motor system: flaccid weakness all four 
limbs. Diaphragmatic movements normal, movement intercostals. Reflexes: 
biceps-jerks, supinator-jerks and triceps-jerks present and equal, knee and ankle 
jerks present and equal, abdominals absent. Plantars extensor. Sensation: impair- 
ment all forms sensation below C3. 

count: per cent. W.B.C. 17,000 (polys. per cent, 
large lymphocytes per cent, monocytes per cent). 

X-ray cervical spine: fracture spinous process C3. Partial fusion (probably 
congenital and obvious dislocation. Moderate spondylotic changes 
between and C.S.F.: Pressure 150 mm. free rise and fall abdom- 
inal pressure, sluggish rise and fall jugular compression. Cells less than per 
c.mm. Protein mg. per cent. 

admission was taken the theatre where bronchoscopy was done, and 
thick mucopus was sucked out. was given artificial respiration for four hours and 
then put respirator. remained the respirator, except for short periods, until 
his death 1.15 a.m. January 23, 1957. 

Summary necropsy.—Respiratory failure, injury cervical spine, acute com- 
pression cervical cord, cervical spondylosis. 

Brain.—Superficial bruising over left frontal lobe, right parasagittal gyrus, very 
slight right parietal gyri and left occipital pole. 

Spinal column and dura.—Scoliosis right maximal opposite C6; loss normal 
cervical lordosis. Small (up 0-4 cm. diam.) mid-line bosses corresponding the 
discs between C3-4, and The intervertebral foramina both 
sides were narrowed osteophytic outgrowths. the thoracic region there were 
large bony knobs and spurs protruding from the lateral aspect the discs the largest 

Fusion C2-3 vertebral bodies. Increased mobility spinal column forcible 
extension C3-4. Some bruising of, and extensive hemorrhage into, right para- 
vertebral muscles (up from above down cm. from side side) opposite 
C2, C3, C4; none left. spinous process fractured (detached bony fragment 
0-75 cm.); extensive hemorrhages this area. Bluish discoloration over 
lamina (approx. Cord held firmly its anterior and lateral aspect 
opposite C2, C3, with slight right-sided convex deviation. Definite extradural 
grooving posterior aspect cord the lamina opposite C3. 

Nerve roots firmly bound down cervical intervertebral canals. Dura over 
posterior aspect upper cervical cord unusually thick (up cm.). Posterior 
surface cord showed groove corresponding lamina and two bluish areas 
discoloration (0-75 0-5 cm.) opposite and C4, forming roughly two parallel 
bands, the cord being found slightly angulated extension this level. Right C2, 
C3, roots firmly adherent the surrounding bone the first part the interverte- 
bral canals. further dissection, dura densely adherent the bone the right 
which here appeared abnormally hard and displaced the cord the left. 
Anterior surface cord: marked flattening cord, maximal opposite and C4. 
Hemorrhage into root sheaths and Small (up 0-4 cm. diam.) 
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anterior surface the nerve roots and right, and C4, 
left. 

section the cord there was degeneration both columns Burdach and 
partial degeneration the column Goll the right and C2, with fibrous 
hyaline thickening the vessels. there was hemorrhage into the left lateral 
column addition the degeneration the posterior columns. Between and C4, 
level upper groove, there was generalized softening the cord with extensive 
hemorrhages and cavitation central grey matter. microscopy disintegration 
and necrosis with many foam cells remainder grey matter. Symmetrical degener- 
ation medial parts lateral columns extending from the posterior horns. 
degeneration posterior columns. Moderate leptomeningeal fibrosis and fibrous 
hyaline thickening spinal arterioles. Endoneural fibrosis left anterior root with 
hyaline thickening inter-radicular vessels; slight but similar lesion right anterior 
root. the lower part C4, level lower larger grooving, there was extensive 
hemorrhagic softening with central cavitation and loss normal cord substance and 
necrosis the grey matter the anterior and posterior horns with extravasation 
blood into the anterior columns. there was degeneration both lateral 
columns with flame-shaped hemorrhage into the right posterior horn and and 
patchy degeneration the lateral columns. the upper thoracic region there 
was minimal lateral column degeneration. 

Comment.—This patient, man 59, two days before admission, fell down flight 
stairs. was unconscious for short time and when regained consciousness 
was unable move his arms legs. examination had signs cord com- 
pression C3. died the following day and autopsy there was evidence acute 
cord compression fracture the cervical spine and cervical spondylosis. The 
presence endoneural fibrosis the nerve roots suggested that some long-standing 
lesion was present. The most likely cause this was trauma the nerve roots the 
lateral ends the spondylotic bars. 


Case 2.—A. F., male, aged 70. LH. No. 14991/57. PM. 169/57. Admitted 11.5.57. 
Died 16.5.57. 

Occupation.—Retired photographer. 

Diagnosis.—Cervical spondylosis C3-4, Cervical cord com- 
pression. Fracture cervical spine with rupture anterior longitudinal ligament. 

twelve noon the day admission fell down five steps and was 
found friend lying the foot the steps. had hit his head against the wall 
and was bleeding profusely from scalp wound. was not unconscious and said 
that remembered losing his balance for apparent reason and then lying the 
bottom the stairs. was unable move his arms legs and had severe pain 
the lower part his neck. had previously been healthy except for attack 
pneumonia and pleurisy one year ago. 

Examination.—He was pale and shocked but was well orientated and able give 
account his accident. There were lacerations his left parietal region, left 
cheek and bruising round his left eye. also had superficial abrasions both 
knees. T.98. 74. B.P. 90/30. 

had diaphragmatic respiration only, percussion note was dull and had absent 
breath-sounds the right base. Coarse rhonchi were heard all areas. Central 
nervous system: cranial nerves normal. movements his cervical spine caused 
severe pain the base his neck. Motor system: flaccid weakness all four limbs, 
minimal movements present deltoids, biceps and left psoas only. Reflexes: biceps- 
jerks present and equal, supinator and triceps jerks absent. Abdominals absent, 
plantar response obtained. Sensation: sensory level all forms sensation C6. 
had idea where his arms were and said that “‘it feels though right arm 
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over the left side Progress: was put skull traction but his condition 
rapidly deteriorated. became confused and had difficulty breathing and died 
May 16, 1957. 

per cent. X-ray cervical spine: the films taken May 
show suggestion backward dislocation and C3. There marked spondy- 
losis The films taken May show backward dislocation 
with well-marked widening the disc space anteriorly. The films show gross 
spondylosis between and and between and and lesser extent between 
and C6. displaced backwards C3. There are posterior protrusions 
corresponding the disc spaces between and When the 
neck was extended the space between the anterior borders the fifth and sixth cervical 
vertebre was cm. (flexed cm.). ice-tong calipers this deformity was 
accentuated. 

Summary autopsy.—Bronchopneumonia, fracture dislocation the cervical 
spine, multiple superficial injuries, cardiovascular hypertrophy, emphysema, right 
upper pulmonary fibrosis. 

C.N.S.: Recent hemorrhage paravertebral mid-cervical and mid-dorsal soft 
tissues. Gaping dislocation (gap 0-7 cm.) over anterior surface spine 
intervertebral disc. fracture (three fragments, largest 1-5 cm. 
across) spine. Underlying and laminar ligament intact. Spinal cord 
cervical and upper thoracic removed one piece. Rupture anterior 
spinal ligament cm. long). 

Spinal column.—Protuberances corresponding the intervertebral discs 

and the posterior aspect the vertebral bodies. The largest cm. 
from side side, 0-7 cm. from above down and 0-2 cm. high) corresponding the 
disc between C3-4. The lateral parts these bars encroached upon the intervertebral 
foramina. This was most marked C2-3, There was grooving the 
anterior surface the spinal cord corresponding the bars the posterior aspect 

the and there was grooving posteriorly the spinal cord the level 

the exit the fourth, fifth and sixth cervical roots. Sagittal section the cervical 

spine showed extensive sclerosis the bodies with marked narrowing the 
space. Anteriorly the disc was represented greyish line mm. thick 

and posteriorly there was fissure cm. long 0-1 cm. from above down. The 

disc between and was represented ragged line. The disc spaces between 

C2-3, and were also reduced height and fissured. Posterior osteo- 

phytes (up 0-3 cm. from before back and 0-8 cm. from above down) were present 

C2-3 and Anterior osteophytes were also present these levels. 

Dura.—Brownish discoloration the anterior surface the dura cm. 
extending from opposite the lower border the upper border 
discoloration the roots and lesser extent roots both sides. Similar 
staining posterior surface from The dura was thickened over the 
cervical roots were closely adherent the walls the intervertebral foramina, this 
was most marked C3, C4, and the right. The second, third and fourth 
cervical roots had their normal course but the fifth root ran right angles the cord 
and the sixth root slightly cephalad, that say angle about 110 degrees the 
cord. The seventh cervical root followed similar course. When the spinal column 
was forcibly extended the posterior lamina compressed the cord opposite the exit 
the fifth cervical nerve root and the fifth cervical root the left was flattened 
anteroposterior direction and displaced posteriorly the spondylotic bar corre- 
sponding the disc between 

Spinal cord.—On the posterior surface the cord there was bluish discoloration 
cm. from above down and cm. from side side) and shallow indentation 
just below the exit the fifth nerve root. There was also discoloration the cord 
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cm. diameter) and shallow indentation the level the exit the seventh 
nerve root. the anterior surface the cord there was shallow indentation 
opposite the exit the fifth nerve root and bluish discoloration the proximal ends 
both fifth nerve roots. section there was abnormality C3. 
there was hemorrhage and necrosis the right posterior horn cm. diameter). 
There was destruction with cavitation the right side the cord with relative sparing 
the lateral column the upper part and complete destruction cord sub- 
stance the lower part the normal tissue being replaced cavity containing 
soft greyish-brown necrotic material. Greyish-brown discoloration anterior 
horns both sides C6, and and thoracic lumbar and sacral parts the cord 
microscopically normal. 

Microscopy.—Hemorrhagic cavitation with necrosis involving most the right 
half the cord and and less extent cavity contained free iron 
and hematoid pigment well fresh blood cells. there was thrombus 
small vein and some fibrin-like transudation the disrupted cord tissue. Throughout 
the cervical cord there was slight pallor the posterior columns. There was slight 
fibrous hyaline thickening all vessels. 

Comment.—This 70-year-old man had apparently been well until fell head 
forwards down flight stairs. this was unable move his arms 
legs and had signs acute cord compression. autopsy was found have 
extensive damage the cord maximal CS. 

The injury that received must have caused acute extension the neck and the 
force the injury caused rupture the anterior ligament and fracture the spinous 
process C3. The increased mobility the spine which resulted from these injuries 
caused acute compression the cord and cervical spondylosis present 
the effect such injury may more severe than would the cervical spine 
were normal, because the diameter the cervical canal may reduced the presence 
bony bosses bars, and the cervical cord can not move freely does the 
normal individual because the adhesions the dura and root sheaths the 
surrounding bony structures. 


Case 3.—H. C., female, aged 75. LH. No. 23919/53. PM. 374/53. Admitted 
12.9.53. Died 1.10.53. 

Nil. 

Diagnosis.—Cervical spondylosis Diabetes mellitus— 
heart block—spinal cord contusion C6. 

History.—For three years she had been known have diabetes mellitus, during 
this time she had had attacks some which were thought comas 
and which three occasions were similar the present attack except that coming 
round she was able move normally. She also had frequent attacks unconscious- 
ness while sitting chair. none these attacks did she twitch, bite her tongue 
nor was she incontinent. Nine months ago she was admitted another hospital for 
investigation her attacks and while there was found have heart block addition 
diabetes mellitus. the time admission she was having four units and 
soluble insulin four units daily. 

p.m. the day before admission she called out and then fell forwards her face. 
this attack her nose bled and she was incontinent urine, she lay quite still and 
did not bite her tongue. After four minutes she regained consciousness and soon was 
mentally normal but she was unable move her arms legs. Since then she had 
remained unable move her limbs properly and complained stabbing pains which 
were more severe her legs than her arms. 

Examination.—She was conscious and orientated time and space. There was 
bruising round her right eye with signs recent bleeding from her nose. The fundi 
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and other cranial nerves were normal. Her upper limbs moved spontaneously upward 
towards her face and there was gross weakness the upper limbs especially dorsi- 
flexion the hands and extension the elbows. The biceps and supinator jerks were 
brisk and the triceps-jerk diminished. The lower limbs were spastic; there was fairly 
good movement the left, but there was almost movement the right knee 
ankle. The knee and ankle jerks were exaggerated and both plantars extensor. There 
was sensory loss pin-prick over the ulnar borders both hands and the lower third 
the forearm and extensive loss pin-prick and light touch Th3 each side 
and below. She could, however, feel the pain lumbar puncture and there was 
almost intact postural sense the left toes and some awareness toe movements 
the right. There was definite sacral sparing pin-prick but she could feel pain 
vaguely all over the lower lumbar and sacral dermatomes. She frequently complained 
pain the lower part the neck, and this was tender palpation though 
evidence defect could found. 

Pulse-rate 40. B.P. 180/60. Bladder distended. 

cervical spine—partial subluxation the fifth cervical 
vertebra the sixth; well-marked spondylotic changes between and C6, with 
osteophyte formation the posterior aspects encroaching the intervertebral 
foramina. 

Sugar present the urine; blood sugar 200 mg. per cent. E.C.G.: complete heart 
block. 

Treatment.—A laminectomy was done September 13, 1955. The and 
spines were removed. Opposite the lamina there was considerable softening 
the spinal cord, its surface vessels were very scanty and the cord itself looked 
yellowish and had lost its usual texture and appearance. Immediately anterior this 
segment the cord there was protruding piece very hard tissue the junction 
and C6, this was much more marked the right than the left and blunt dissector 
could passed under the cord the left but not the right. Opposite the lamina 
there was small protrusion both sides the intervertebral disc but not 
marked the level. Following operation her condition remained unchanged 
until she died nineteen days later. 

Summary autopsy.—Bronchopneumonia, contusion the spinal cord, cervical 
spondylosis, diabetes mellitus. 

Spinal column.—There was slight ridge corresponding the disc between C2-3 
and one (height 0-2 cm.) corresponding the disc between Corresponding 
the disc between C4—5 there was ridge and firm yellowish-white protrusion (0-8 
cm. from side side, cm. from above down and cm. high) extending 
oblique direction upwards from left right. Corresponding the disc between 
there was similar but larger bluish-red protrusion (0-4 cm. from side side, 
cm. from above down and cm. high) extending oblique direction upwards 
from left right. Opposite the disc there was hard yellowish-white protuber- 
ance approximately cm. diameter and 0-4 cm. high. Below this level the posterior 
surface the were normal. the anterior surface the there 
was linear reddish-blue discoloration corresponding the disc between with 
break continuity the anterior longitudinal ligament. There was marked 
narrowing the intervertebral foramina both sides. The foramina 
and the left were occluded the lateral ends bony masses which 
protruded into the intervertebral canals such extent that was impossible 
pass probe through them. 

The vertebral arteries were dissected out and opposite the disc space between 
the right there was slight but definite posterior displacement the artery 
opposite the fractured and discoloured area described above and was not possible 
pass probe the right vertebral. The left vertebral was normal. 
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Brain and rather shrunken brain. Severe atheroma basal 
cerebral arteries. gross abnormality section. 

Spinal cord and dura.—Moderate thickening (up 1-0 cm.) dura the cervical 
region. Slight flattening anterior surface the cord. Considerable distortion 
probably post-mortem the cord from Normal pattern the cord distorted 
and C7. section demyelination the posterior columns the right and 
less extent the left from Focal softening involving the lateral two-thirds 
the right side the cord and involving both anterior and posterior horns and 
posterior column. Focus compound granular corpuscles and flattening posterior 
aspect left side the cord C6. Softening the cord with loss neurones 
both anterior and posterior horns both sides with demyelination both columns 
Burdach and right lateral column C7. Below this level there was evidence 
some demyelination the column Burdach the right and but 
abnormality the rest the cord. 

Posterior root ganglions.—Slight cellular infiltration dural cuff and postgang- 
lionic portion the root the left. abnormality seen PRG 

Comment.—This patient had diabetes mellitus and heart block and for three years 
before her admission had had recurrent attacks unconsciousness which were 
thought due hyperglycemia heart block. the day before admission 
she had attack following which she was unable move her arms legs. 
operation the cord was found compressed and softened C6. This finding 
was confirmed autopsy. this case the spinal compression was acute coming 
immediately after fall, and addition there was rupture the anterior longitudinal 
ligament. 


Case 4.—M. S., female, aged 69. Admitted (St. Mary’s Hospital, Islington), 
16.1.50. PM. 502/49. 

Occupation.—Housewife. 

Diagnosis.—Cervical spondylosis Cord compression 

History.—For some years had had pains her neck. She was other- 
wise well until December 31, 1949, when she fell out bed and was unable get 
back because the weakness her arms and legs. She hit her head but was not 
unconscious. Later she said that she felt 

Examination.—On examination there was fluctuating hematoma the right side 
her forehead. There was intellectual clouding. The movements her neck 
were full and painless. her upper limbs there was moderate power the left 
deltoid and biceps, slight movement the right deltoid and biceps and complete 
paralysis the remaining muscles the upper and both lower limbs. The biceps 
and supinator jerks were present and equal, but the triceps, knee and ankle jerks and 
abdominal reflexes were absent and the plantar reflexes extensor. There was analgesia 
and below C4. Loss postural sensibility was complete both 
hands and the right foot. Movement the toes was appreciated the left foot and 
tactile localization was present the lower limbs. There was retention urine. 
X-rays showed some subluxation with anterior displacement 
There was marked narrowing the disc space and She developed 
urinary infection and died suddenly January 16, 1950. 

Summary occlusion. Spinal cord contusion, cervical 
osteoarthritis. 

The cervical and upper thoracic were removed with the cord intact. The 
lower part the cord was also removed. 

Spinal column.—There were transverse bars bosses corresponding the discs 
between C2-3, and and The largest these bars 
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was between This was cm. from side side, cm. from above 
down and 0-3 cm. high, and its lateral ends encroached the intervertebral foramina 
which were reduced crescentic opening 0-3 cm. deep. There was evidence 
rupture the posterior longitudinal ligament and subluxation the vertebre. 
There were bars corresponding the discs between C3-4, and the 
anterior surface the The posterior aspect the lower thoracic and 
lumbar showed five protuberances, the biggest being 1-5 0-3 cm. which 
the dura was firmly attached. 

Dura.—This was densely adherent round the intervertebral foramina but was not 
adherent the posterior longitudinal ligament the mid-line. 

Spinal cord and nerve was severe flattening the spinal cord the 
mid-cervical region and the proximal ends the cervical nerve roots over the 
lateral ends the transverse bars. The anterior aspect the cord showed saucer- 
shaped and oval indentations corresponding the bosses and transverse bars, the 
largest being opposite the disc between and Sections the cord 
the level showed gross softening with evidence compression lesion. 
Below the level the lesion there was obvious pyramidal degeneration, but this 
was probably related the short period (eighteen days) between the fall and the 
time her death. The anterior root the right sixth cervical nerve was compressed 
and showed wallerian degeneration the myelin sheaths. 

this case the spinal compression was acute, the quadriplegia coming 
immediately after fall. Post mortem there was evidence cord compression 
with softening and destruction the cord. The “rheumatic her neck were 
probably due the spondylotic changes the cervical spine. 


Case 5.—F. L., female, aged 55. LH. No. 28800/49. PM. 289/49. Admitted 
8.7.49. Died 4.8.49. 

Diagnosis.—Cervical spondylosis. cord compression. 

History.—Nine months: Weakness and stiffness the legs with flexor spasms 
more severe the right side than the left. Six months: Numbness right leg. 
Three months: Unable stand herself straighten her legs. Numbness developed 
left leg well the right. Seven weeks: Incontinent urine. 

Examination (July 1949).—Thin, wasted woman. Movements neck full but 
some local tenderness over spine. Spastic quadriplegia. All tendon reflexes 
increased, those the right being brisker than those the left. Both plantars 
extensor. Relative analgesia below C3, complete analgesia below Th6. Similar 
impairment and levels touch, heat and cold. Severe postural loss toes and ankles. 
Vibration sense appreciated right ankle but not left. Blood pressure 110/80. 

Investigations.—C.S.F.: Pressure 130 mm. slow rise and fall jugular compression. 
cell. Protein mg. per cent. Lange negative. X-ray 
cervical spine: Minimal spondylosis. reduction disc spaces. Myelogram: 
Temporary arrest myodil fourth cervical vertebra. 

Operation (July 30, 1949).—Cervical laminectomy, cervical Death occurred 
four days after operation. 

Summary necropsy.—Heart failure. Cervical laminectomy. The cervical and 
upper thoracic vertebre were removed with the cord intact and kept preservative 
for three four weeks. 

Spinal column.—Before removal from the body the spinal arteries were injected with 
radio-opaque material. Radiography the spinal column after removal revealed 
some backward dislocation the vertebral artery the level the disc between 
and C5. Dissection revealed smooth grey boss beneath the posterior common ligament 
the level the intervertebral disc between and C5. Corresponding this the 
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ventral surface the opposing theca between and was densely adherent the 
bone, the neighbouring parts the roots being flattened. 


Spinal cord.—The spinal cord showed crescentic deformation the site the boss, 
i.e. sixth cervical segment. this level there was grey discoloration and softening 
the right half the cord. The deformity faded out the segments immediately above 
and below. Apart from evidence crossed pyramidal degeneration the caudal 
segments, further abnormality was observed. wallerian degeneration was seen 
the posterior root ganglia. 

this case cervical spondylosis caused cord compression fairly 
rapid onset with subsequent paraplegia. Post-mortem showed destruction the cord 
the level the transverse bar corresponding the disc between 


Case 6.—J. L., male, aged 69. LH. No. 23839/50. PM. 481/50. Admitted 7.6.50. 
Died 24.6.50. 

Occupation.—Nil. Has not worked for twelve years because numbness hands. 

Diagnosis.—Cervical spondylosis.. 

History.—Thirty-three years ago: fall his back turning somersault. was 
not unconscious after this but both arms and legs felt numb. Thirty-two years ago 
had another heavy fall, following which his limbs again felt numb for few minutes. 
About month after this began get pains the back his legs. Thirty years 
ago: attack severe pain his calves associated with heavy feeling his arms. 
These feelings cleared after week. year later there was onset numbness 
the right index finger. Twelve years ago: some loss use and numbness both 
hands and found that was unable distinguish coins his pocket. About this 
time noticed that his knees felt numb and that had some frequency and nocturia. 
Since then has noticed that his walking increasingly unsteady and that kicked 
the toes his shoes. 

Examination.—Limitation flexion his neck, other movements full and painless. 
Upper limbs: Wasting small muscles both hands. Fasciculation observed 
right first dorsal interosseous. Slight increase tone the elbows. Grip weak 
both sides, the right hand being weaker than the left. Weakness dorsiflexion 
wrist the right. Weakness flexion and extension the elbow more marked 
the right than the left. Reflexes brisk, those the right being brisker than the 
left. Some hyperalgesia over fifth finger and ulnar border right hand. Position 
sense impaired right fingers. limbs: Bilateral spastic weakness more 
marked the right than the left, knee and ankle jerks brisk, plantars extensor. 
Sensation: slight impairment position sense both sides. 

C.V.S.: Pulse 66. B.P. 115/80. sounds clear. 

(done Highgate Hospital). Clear colourless fluid. Free 
rise and fall jugular compression. White cells Protein 100 mg. per 
cent. X-ray cervical spine. Advanced spondylotic changes with loss disc space 
between and C4. The oblique views show osteophytes projecting into several 
the intervertebral foramina. 

Myelogram: Transverse filling defect opposite the disc space between and C4. 
There another smaller filling defect opposite the disc between and C6. 

W.R. negative. 

Summary necropsy cardiac failure, cardiac ischemia (done Archway Hospital, 
Highgate). The cervical column from was removed with the cord intact and 
kept formalin for four weeks. The cord was compressed between the and 
the transverse bar and was tightly wedged that small probe was with difficulty 
passed alongside the dura beneath the neural arch the level 

The posterior surface the bodies the showed irregular transverse 
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bars bosses corresponding the cervical intervertebral discs. The largest was 
between and was 2:2 cm. from side side, cm. from above down and cm. 
deep and encroached laterally the intervertebral foramina. There was smooth 
irregular boss corresponding the disc between 1-3 cm. from side side, 
cm. from above down and 0-2 cm. from side side. There were small irregular 
bars opposite and There were three small irregularities 0-4 cm. 


diameter the dorsal spine. 

Spinal cord and nerve were indentations corresponding the bosses 
and bars the anterior surface the cord and there was flattening the cord. 
The most marked indentation was the level and here the cord was flattened 
that the anterior posterior measurement the cord There was smaller 


indentation the level 

The proximal part the spinal roots and the left and the right 
were compressed the lateral ends the transverse bars. The roots C3, C4, 
and the left and C4, and the right were grooved the vertebral 


artery. 
Section the cord showed flattening and distortion with destruction the 


normal structure. Above the level the lesion (C4) there was some degeneration 
the posterior column and below degeneration the lateral column. 
Comment.—This patient gave long history symptoms referable cervical 
cord lesion (thirty-eight years). post-mortem was found have severe 
degree cervical spndylosis causing cord compression with degeneration the 
pyramidal tracts below the lesion and the posterior columns above the lesion. 


SUMMARY 


(1) Cervical spondylosis common condition occurring middle 
and later life. the most common cause pain the neck and arms 
and spastic paraplegia middle-aged and elderly people. 

(2) full pathological and anatomical study the cervical spine, 
spinal cord and nerve roots was made patients with cervical spon- 
dylosis who came autopsy. 

(3) The primary lesion appears degeneration the interverte- 
bral disc, and the changes the bodies the and neurocentral 
joints are secondary this. Changes are found the annulus fibrosus, 
the vertebre and the region the intervertebral foramina well 
the nucleus pulposus. These turn may cause lesions the spinal cord 
and nerve roots. 

(4) The factors leading these changes are discussed, particularly the 
liability the spinal cord damage result injury the spondy- 
lotic spine and the importance interference with the blood supply; 
which may intermittent permanent. 

(5) evidence was found this series that thrombosis the anterior 
spinal artery plays part the production those lesions which are 
responsible for symptoms. 
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LEGENDS FOR PLATES 
PLATE XCI 


Fic. 1.—Cervical spine showing disc degeneration and protrusion. 
(Case 5).—Section cervical spine showing protrusion 


Fic. (Case 5).—Sagittal section cervical spine showing degeneration inter- 
vertebral discs and protrusion the disc with some sclerosis adjacent parts 
vertebral bodies. 

Fic. (Case 6).—Posterior aspect cervical spine showing irregular bosses and 
bars. The lateral ends these bars can seen encroaching the intervertebral 
foramina and displacing the vertebral artery posteriorly and laterally. 


PLATE 


Fic. 5.—Cervical nerve roots showing root-sleeve fibrosis. 

Fic. (Case 6).—Anterior aspect cervical cord showing root-sleeve fibrosis and 
indentations and angulation the nerve roots. 

Fic. 7.—Posterior aspect bodies vertebre showing multiple intervertebral 
disc protrusions. The left vertebral artery displaced the lateral end the trans- 
verse bar corresponding the disc between and C4. 

Fic. (Case 3).—Anterior aspect cervical spine showing rupture anterior 
longitudinal ligament and hemorrhage into surrounding tissues. 


Fic. (Case 3).—Right lateral aspect cervical spine showing relationship 
vertebral artery the site the lesion. 


PLATE 


Fic. 10.—Cervical spine with cord situ showing effect injury the cervical 
cord. 

Fic. (Case 6).—Posterior aspect cervical cord situ showing part the 
posterior lamina compressing and displacing the lower part the cord the left. 

Fic. (Case 6).—Posterior aspect cervical cord showing distortion cord 
resulting from pressure surrounding bony structures. 

Fic. 13.—Anterior aspect cervical cord showing flattening and roughening 
dura the cervical region. 


Fic. 


illustrate article Marcia Wilkinson. 
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(left) 


Fic. 
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Fic. 12. 
illustrate article Marcia Wilkinson. 
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Fic. 14. 


Fic. 16. 
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Fic. 26. 
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PLATE XCIV 


Fics. 14, and (Case 2).—Cervical cord (C4, and showing hemo- 
rrhagic cavitation into posterior horn. 


and (Case 1).—Cervical cord (C2, and showing hemo- 
rrhages into the cervical cord with pallor posterior columns and C3. 


PLATE XCV 


Fic. (Case 4).—Posterior aspect bodies showing transverse bosses 
and bars. 


Fic. (Case 4).—Anterior aspect cervical cord showing indentations cord 
and nerve roots corresponding the bosses and bars the posterior aspect the 
cervical spine. 


Fic. (Case 5).—Cervical cord (C4) showing some flattening right half 
cord. 


Fic. (Case 5).—Cervical cord (C6) showing crescentic deformation and 
softening right half the cord. 


PLATE XCVI 


Fic. (Case 4).—Cervical cord (C4) showing gross destruction and extrusion 
necrotic material from lower segments into posterior column. 


Fic. (Case 4).—Cervical cord (C5) showing flattening and diffuse necrosis. 


Fic. 26.—Cervical cord (C5) 180 showing bundles aberrant nerve fibres 
pia over right posterior horn. 
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FAMILIAL MYOCLONIC EPILEPSY 
AND ITS ASSOCIATION WITH CEREBELLAR DISTURBANCE 


(From the Neurology Clinic, Sydney Hospital) 
WITH 


APPENDIX THE GENETIC ASPECTS 
WALSH 


have recently had the opportunity investigating patients with 
myoclonic epilepsy, children marriage between first cousins, once 
removed. One sibling had died convulsions the age and another 
not seen us, said completely normal. our patients 
showed signs cerebellar disturbance, they fell into category described 
Ramsay Hunt (1921), and became interest explore the confused 
field myoclonus attempt determine the relationship the 
Hunt syndrome” progressive myoclonic epilepsy the one 
hand and the familial cerebellar ataxias the other. 

Myoclonus may defined clinical terms disturbance 
neuronal activity characterized very sudden involuntary jerks, which are 
arrhythmic and asynergic, involving portions muscles, whole muscles 
muscle groups” (Bradshaw, 1954). Individual jerks are provoked 
change posture, and probable that muscle stretch the essential 
stimulus (Dawson, 1947). The onset drowsiness commonly releases 
tendency myoclonic jerks normal people (Symonds, 1953), and photic 
auditory stimulation may initiate myoclonus susceptible subjects. 
Patients with idiopathic epilepsy often experience isolated myoclonic jerks, 
particularly the mornings, and the intensification these attacks 
preceding grand mal seizure well known. 

not remarkable that lapses awareness petit mal epilepsy may 
also associated with myoclonus, and indeed myoclonus has been in- 
voked explanation for the third component the petit mal triad, the 
falling attack. 

Subacute inclusion body encephalitis usually characterized 
recurring myoclonic jerks its later stages (Brain, Greenfield and Russell, 
1948), and myoclonus may also feature cerebral lipidosis. Symonds 
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(1954), reviewing the subject myoclonus, stresses that lipidosis may 
occur adults and quotes the history man aged who had suffered 
from epilepsy since the age and myoclonus since the age 21. 
Dysarthria, nystagmus, and signs pyramidal degeneration appeared later 
but there was gross mental change and the fundi remained normal. 
Autopsy subsequently proved the diagnosis lipidosis. 

Familial myoclonic epilepsy was described Unverricht 1891. 
reported family, which, pregnancies, there were miscarriages 
and death infancy, and the surviving children were affected. 
The condition was later studied Lundborg, who described cases termin- 
ating with dysarthria, dysphagia, dementia and widespread muscular 
rigidity. and (1930) have pointed out that these 
changes, which were attributed degeneration the extrapyramidal 
system, are not specific for myoclonic epilepsy but may occur other 
forms epilepsy with deterioration. 

Myoclonic epilepsy may also associated with cerebellar degeneration. 
Ramsay Hunt (1921) recorded the case histories patients whom 
myoclonus and fits started late childhood adolescence and cerebellar 
disturbance later became apparent; also described the illness twin 
brothers with form Friedreich’s ataxia who suffered from myoclonus 
and epilepsy. Similar cases those Hunt have been reported 
and Bielschowsky, Louis-Bar and Van Bogaert (Greenfield, 
1954), Lisi (Wohlfart and 1951) and Grinker, Serota and 
Stein (1938). 

Hodskins and Yakovlev (1930) considered that per cent 300 
chronic epileptics showed signs poor cerebellar function; two-thirds 
these patients the records contained mention myoclonus, compared 
with one-tenth unselected records. Conversely, cerebellar abnorm- 
alities were noticed one-third the myoclonic group against one- 
tenth unselected epileptic patients. They collected case reports 
myoclonic epilepsy, with autopsy findings, from the literature; these 
case reports described signs cerebellar disturbance. cases myo- 
clonus without other forms epilepsy, the lesion was confined the 
dentate nucleus and, some, the inferior olives well. When other 
forms epilepsy had been present the dentate lesions were still pronounced 
but diffuse changes were demonstrated, particularly marked the basal 
ganglia and midbrain. The histopathology the lesions was one three 
types: simple atrophy, lipidosis, cells containing the amyloid inclusion 
bodies Lafora. 

Medlicott (1943) described family which out children 
developed myoclonic epilepsy, and commented that they showed defective 
articulation, intention tremor and ataxia. the patients died between 
the ages and 23; the fifth was still living the age 15. 

Wohlfart and (1951) recorded cases myoclonic epilepsy, all 
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whom had developed normally before the onset the disease although 
patients were showing signs mental deterioration the time writing. 
There were pairs siblings this series: one these families, 
another brother and the father’s nephew were affected, and another 
sibling was oligophrenic. other cases had family history epilepsy. 
The authors comment that difficult assess dysmetria the presence 
continuous myoclonic jerks and consider that the cases described 
Ramsay Hunt are simply variation myoclonic epilepsy. 


Bradshaw (1954) investigated patients with myoclonus, whom had 
clinical indications cerebellar disturbance. the latter patients 
suffered from generalized fits and was the child marriage between 
first cousins. Another patient, without other forms epilepsy, was said 
have nephew similarly affected. 

Harriman and Millar (1955) reported patients with progressive myo- 
clonic epilepsy, occurring unrelated families. Intracellular and extra- 
cellular inclusion bodies were found all areas the brain studied one 
fatal case, and histochemical studies showed that these contained acid 
mucopolysaccharide and resembled amyloid: similar material was found 
the heart and liver. Harriman and Millar brought the observation 
Hodskins and Yakovlev (1930) date reviewing the recent liter- 
ature concerning the pathological basis this disease. All reported cases 
fell into three histological groups, according the presence absence 
inclusion bodies and their nature: 


(1) Lafora inclusion bodies. 
(2) Lipoid inclusions. 
(3) Non-specific degenerative changes, without inclusions. 


All these changes were most marked the dentate nucleus and sub- 
stantia nigra. Recessive heredity occurred some cases all three 
groups. 

The most recent report have seen that Kreindler, Crighel and 
the features the Ramsay Hunt syndrome. The other children were 
mentally retarded. One had signs cerebellar disturbance and the other 
developed such signs, well myoclonic jerks, after taking Largactil. 
Their mother was mentally deficient and their father had nystagmus 
examination. 

The cases presented here appear result from inheritance 
recessive gene, and provide material for further documentation this 
unusual and interesting disorder. 


REPORTS 
The main clinical features all patients are summarized Table 
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TABLE SUMMARY THE CLINICAL FEATURES 
Age 
testing onset 
Full Prac- Cere- ofcere- 
scale Verbal tical pigment- Other 
Sex Age fits signs signs ation signs 


Ptosis 
known 
known 


Case 1.—E. S., male, aged 25. 


Epileptic fits the grand mal type started the age and recurred every six 
eight weeks. The fits were not accompanied incontinence but were followed 
outburst crying, sleep. Sudden jumping movements the arms legs were 
noticed about the same age, usually occurring once twice week but daily for 
several days weeks preceding fit; these jerks were mainly the early mornings, and 
lasted for one-half one minute. Anticonvulsant drugs reduced the frequency his 
major fits that had only two the four years before admission but the jerking 
attacks continued and fell frequently. His mother told that falling attacks happened 
almost every suddenly goes the hips when walking and his legs give 
way under him.” Apart from these attacks his balance seemed normal. Poor co- 
ordination was first seen the age could not catch turkey chicks because his 
movements were clumsy and his hands trembled. His speech has been slurred for some 
years and times hesitant. 

was premature baby, born eight months, but labour was normal and there 
had been serious illness before the age 12. 

Like all the family, his manner was pleasant and was most co-operative. 
blotchy brown pigmentation over the lower face and firm papules the chin. Skin 
biopsy (Dr. Musso) showed that the pigment was melanin and the papules were 
probably related past acne. café lait patch was noted the lower abdomen. 
The were normal. 

His speech was slow and there was slight slurring test phrases. times when 
his myoclonus was severe, speech was interrupted pauses explosive sounds. 

Gait appeared fairly normal his good days but turning was hesitant: there was 
Rombergism. 

The fundi were normal. 

There was slight bilateral ptosis. Eye movements were full but nystagmus was 
present horizontal and vertical deviation the eyes. 

The finger-nose test showed slight terminal intention tremor, and pronation- 
supination movements the hands were slow and clumsy. Heel-shin co-ordination 
was slightly impaired. 

The remainder the nervous and other systems were normal. The knee-jerks were 
not pendular. 

When the patient was first myoclonic movements were seen. After 
had been admitted hospital anticonvulsant drugs were suspended before electro- 
encephalography and muscular jerking then became severe and almost continuous. 
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Twitching the face interfered with speech, his gait became wide-based and lurching, 
and sudden jumping the limbs made eating and drinking trial patience. 


Case 2.—A. S., female, aged 23. 


The patient was healthy girl until the age when she was noticed un- 
steady her feet. Her mother considers that her speech started become slurred 
about this age, although the patient had only noticed this herself for the past five 
months. She became careless with her hands and often dropped things. More 
definite symptoms appeared the age when she had her first fit. From that age 
she suffered fits intervals three twelve months, but she had been free for four 
years before admission. 

During the day preceding seizure she was subject sudden jerking attacks which 
she said affected her right arm and left leg. The right arm felt and numb” for 
half hour before seizure: she then lost consciousness without further warning. 
She denied having jerking attacks other times, but admitted that her left leg some- 
times gave way under her. Her mother said that she often lost the use her legs and 
tumbled over, but did not have sudden uncontrollable movements like her elder 
brother. This statement was surprising she was observed have frequent and 
violent myoclonus hospital when her medication was temporarily stopped. The 
only incident her past health was “‘nervous breakdown” the age when her 
father died. 

examination, her face was uniformly pigmented, suggesting deep sun-tan: café 
lait patches were noted the right cheek and right side the chest. There were 
Kayser-Fleischer rings the cornea. 

Her speech was markedly slow and slurred. gait appeared normal when she 
walked briskly, apart from some unsteadiness turning. When moving slowly she 
walked wide base and tended falter: she was quite unable walk heel toe. 

The fundi appeared normal. 

When she was first seen, both horizontal and vertical nystagmus was demonstrated; 
this was not marked her elder brother, and was inconstant, being absent 
times during her stay hospital. The cranial nerves were otherwise normal. 

Intention tremor was present testing, and was also seen when she 
lifted the lower limb toe-pointing. Rapid movements the hands were 
awkward, and heel-shin co-ordination was clumsy. The knee-jerks were pendular. 

The rest the nervous system and general examination were normal. 

When her medication was stopped, myoclonus appeared and was incapacitating 
was almost continuous. Speech became further distorted her facial muscles moved 
constantly manner resembling fasciculation. Her gait was ataxic that she 
required support. Every movement was disorganized asynergic muscular contrac- 
tion that signs cerebellar deficiency were submerged the waves involuntary 
movement. 


Case 3.—U. female, aged 21. 


The patient was born prematurely seven months pregnancy and her development 
was slow. She had convulsions from the age until the age 10, then remaining free 
until recently when she had another fit. She had never suffered from falling attacks 
like those her elder brother and sister, and the family was not aware her having any 
abnormal movements although definite myoclonic jerks were observed while she was 
hospital. She unable read write, and could not give adequate history; she 
estimated her own age and that her siblings pleasant disposition and 
works hard the house. 

examination, there was abnormal pigmentation the skin cornee. The 
fundi were normal. 
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The little she said was clearly articulated. Her gait was normal and co-ordination 
tests were performed adroitly. 

Occasional myoclonic jerks were noticed the upper limbs but they were never 
severe enough interfere with voluntary movement. 


Case 4.—R. male, aged 20. 

The patient was breech birth full term. sucked and cried normally but did 
not walk until the age talk until the age His talking has not progressed 
beyond the use few short words and his phrases are unintelligible. occasions 
his left eye had appeared “‘turned has always been clumsy, his hands 
tremble and drops things frequently. Fits began the age and has re- 
mained subject attacks about every two months. The fits are the grand mal type, 
associated with cyanosis and incontinence, and followed sleep. 

Sudden jerking the body also started the age and has had daily attacks 
since. These movements may occur any time the day but are worse the morn- 
ing night. times the legs alone jerk, and falls the ground. may have 
two three such falls one day, then several days without one. 

examination was found good-natured and co-operative, affectionately 
addressing all members the hospital staff abnormal pigmentation was 
seen skin The fundi were normal. 

His left eye was adducted the resting position and was found have 
alternating convergent strabismus. The other cranial nerves were normal. 

Finger-nose movements were slow, the finger halting in. short the object, then 
rapidly touching it. Hand tapping was irregular, and pronation-supination movements 
were clumsy. Heel-shin co-ordination was normal although the test was done slowly. 
There was ataxia. The knee jerks were not pendular. The feet were highly arched 
rest, and were considered mild form pes cavus; they could manipulated 
into normal position but always resumed the appearance pes cavus. 


Fic. 1.—An abbreviated family tree: affected members marked members dying 
infancy possibly unrelated conditions marked 
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Myoclonic jerks were observed times but were never prominent the two 
older children. 

Family history.—The patients were children marriage between first cousins, 
once removed, and the complex family tree illustrated fig. The genetic problem 
and its relationship blood grouping discussed Dr. Walsh the Appendix. 


tests: Mr. Fleming kindly carried out 
detailed psychometric tests which are summarized Table 
tion and deterioration were evident the three older members the 
family: the youngest could not respond well enough for adequate 
assessment made. 


General following tests gave normal results all 
patients: 

Full blood count and erythrocyte sedimentation rate. 

Serum electrolytes, including calcium. 

Serum proteins and electrophoretogram. 

Ravin’s test for serum copper oxidase. 

Cerebrospinal fluid, including Wassermann reaction. 

Electrophoretogram cerebrospinal fluid protein. 

Urine examination for porphyrins, porphobilinogen and phenylketones. 

X-ray skull and chest. 


Electrocardiography: There was delayed intraventricular conduction 
the lead A.M.S., but the tracing was normal the other patients. 


Electroencephalography (Dr. Basser): The records all patients 
were similar. were fortunate having for comparison records the 
two elder children which had been taken seven years before; these earlier 
records showed greater abnormality than the recent ones, and are illus- 
trated with them fig. 

There was little organized alpha rhythm any the records; slow 
activity c.p.s. was prominent and symmetrical, and faster rhythms 
the range were also noted. this diffusely abnormal back- 
ground were superimposed brief runs slow waves higher voltage. 
These transients were c.p.s., recurred irregularly throughout the 
tracing, and were associated times with bilateral spike discharges (fig. 
f). The parts the record selected for the figure were chosen 
illustrate these recurrent transient changes runs relatively free from 
artefacts, which were numerous because the frequency myoclonic 
jerks the elder patients and the diminished understanding the two 
younger. The orientation the electrodes each run depicted the 
left side. The first pair records and are those taken 
the ages and 25, and the second pair and are the corresponding 
were not marked the later records. Photic stimulation did not 
produce any change the record myoclonus. 


— 
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Fic. 2.—Examples the electroencephalographic abnormalities found these 
patients. and are extracts from the records the age and 


U.J.S. and 
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Gastaut and Rémond (1952) classified the EEG findings bilateral 
myoclonus into three groups according the wave-form the transient 
complexes. 

Bursts spikes which are sometimes followed 
one more slow waves Most cases myoclonus 
fall into this group, including many those with organic cerebral changes, 
such familial myoclonic epilepsy. the latter disease, the background 
tracing diffusely disordered and the transient changes become less 
prominent the disease progresses. 

Sharp and slow wave complexes which are often 
distributed asymmetrically and may occur rhythmically: this type seen 
young children with brain damage. 

Runs slow waves d’ondes lentes”) which tend recur 
regularly, and are found patients with subacute inclusion body encephal- 
itis and allied diseases. 

The EEG changes reported this paper not fall easily into any one 
these categories. They resemble more closely the records described 
Cobb, Martin and Pampiglione (1952) patients with cerebral lipidosis. 
Similar changes were reported family with the Ramsay Hunt syndrome 
Kreindler, Crighel and Poilici (1959). 

the cases familial myoclonic epilepsy recorded Harriman and 
Millar (1955), bilateral synchronous sharp waves spikes were the main 
feature: their cases, from different families, runs slow activity 
were associated with these spikes. 


Pneumoencephalography: Air studies were performed the older 
patients who showed clinical signs suggestive cerebellar disturbance. 
The entire ventricular system was well demonstrated both patients. 
the case the findings were completely normal. The encephalo- 
gram was equivocal: cisterna magna, fourth ventricle and 
aqueduct appeared normal, but some air was present overlying the anterior 
part the cerebellum. This was interpreted being consistent with 
minor degree cerebellar atrophy. 


Urinary amino-acid nitrogen: Twenty-four-hour specimens urine were 
examined for amino-acid nitrogen and fell within the normal range. 


Urinary amino-acid chromatography: Two dimensional chromatography 
showed similar pattern for all patients and their mother and this was 
within normal limits. 

Harriman and Millar (1955) recorded the results chromatography 
their patients: were normal, and showed slight increase 
amino-acid excretion, with excess taurine. 

Amino-acid studies are particular interest because recent work 
Hartnup disease, familial disorder characterized reversible cerebellar 
ataxia, photosensitivity the skin and amino-aciduria (Baron 1956). 
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DISCUSSION 


Myoclonus appears many different clinical settings that difficult 
relate the symptom any specific localized pathological change. When 
myoclonus persistent and associated with signs degeneration the 
central nervous system, the term “progressive myoclonic 
applied, and such cases that published autopsy reports have placed 
emphasis the dentate nucleus. However, one patient described 
Bradshaw (1954) having had frequent myoclonic jerks, cerebellar dis- 
turbance and dementia showed demonstrable lesion careful histo- 
logical examination the frontal lobes, basal ganglia, brain-stem and 
cerebellum. Conversely, Harriman and Millar (1955) recorded widespread 
changes patient who died the age with history fits, 
myoclonus and dementia: Lafora bodies were most prominent the 
cerebral cortex, thalamus, reticular formation, substantia nigra and dent- 
ate nucleus, well the heart and liver. such variation 
autopsy findings, localization the site origin myoclonic discharge 
not possible histological grounds, and must turn the electro- 
encephalograph for further assistance. 

The clinical association myoclonus with forms centrencephalic 
epilepsy and the nature the EEG abnormalities point the discharge 
originating central structures. the petit mal absence regarded 
“upstream the reticular formation inactivating cortical func- 
tion, then myoclonus may considered discharge” 
the reticular formation inactivating the normal control posture and reflex 
standing. paroxysmal massive discharge the reticular formation 
could produce generalized myoclonic jerks via the facilitatory reticulo- 
spinal tract, and falling attacks via the inhibitory reticulospinal tract. 
Partial discharges could similarly cause fragmentary asymmetrical myo- 
clonus the limbs. This postulated mechanism can adapted only with 
difficulty explain the finest all myoclonic movements—the twitching 
small groups muscle fibres, which seen best advantage the face. 
These flickering movements may continuous and “run and fro like 
sparks among the Their appearance suggests the spontaneous 
firing motor units, singly small groups, and implies heightened 
excitability spinal cord level. However, even this form myoclonus 
might secondary disturbance the inhibitory influences descending 
from the reticular substance. 

The progressive nature some forms myoclonic epilepsy and the 
clinical signs found patients with this disease probably depends 
structural changes wrought the underlying pathological process, and 
need have close relationship the severity myoclonus. The fre- 
quent association extrapyramidal and cerebellar syndromes with pro- 
gressive myoclonic epilepsy easily explicable the connexions these 
systems with the reticular formation. The patients described this 
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paper all had myoclonic epilepsy but differed greatly their ability 
perform tests cerebellar function. This variation would difficult 
explain both myoclonus and cerebellar disturbance resulted solely from 
degeneration the dentate nucleus postulated Hunt (1921) and 
Hodskins and Yakovlev (1930). 

number authors have commented that frequent mild myoclonic 
jerks may affect co-ordination manner resembling cerebellar disturb- 
ance. This was observed our own cases and signs” altered 
degree from day day: however there appeared residual deficit 
attributable the cerebellum even when the myoclonus was quiescent and 
imperceptible. 

Biochemical investigations did not yield information about the basis 
the disorder our patients, but EEG changes suggest the possibility 
lipidosis. Cerebral biopsy was not considered justifiable. 


SUMMARY 


(1) family with progressive myoclonic epilepsy described. the 
surviving siblings are affected, and these patients showed signs 
poor cerebellar function. The patients are children marriage between 
first cousins, once removed, and the disorder appears result from inheri- 
tance recessive gene. 

(2) EEG records resemble those described cases cerebral lipidosis, 
rather than those previously reported myoclonic epilepsy. 

(3) Investigations urinary amino-acid excretion paper chromato- 
graphy, and cerebrospinal fluid protein electrophoresis gave 
indication the nature the underlying metabolic disorder. 

(4) The association cerebellar disturbance with progressive myoclonic 
epilepsy discussed. 
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APPENDIX THE GENETIC ASPECTS 
WALSH 


his appendix the paper Harriman and Millar (1955) Stevenson points 
out that myoclonic epilepsy historical interest the demonstration the effects 
recessive The family described this paper large interrelated family 
from country district New South Wales and abbreviated family tree shown 
fig. demonstrate the principal features. The subject has and his sister, 
11.4, has 161 direct descendants. The man, married his first cousin once removed 
—IV.3—and members his family suffering from myoclonic epilepsy are described 
this paper V.4). The sibling V.5 died when months old with convulsions. 

history neurological disease was sought all branches the family. The only 
unusual feature amongst the family II.1 that the second daughter III.4 has 
received electroconvulsive therapy but said have recovered completely. The 
descendants include who have received therapy for schizophrenia but who 
have never shown epilepsy myoclonus. These and male are 
grandchildren The subject IV.1 died the age years with “‘convulsions,” 
daughter has suffered from without myoclonus since early 
age and both and son IV.8 died suddenly infancy without the cause being 
known. 

The question must raised whether myoclonic epilepsy, without 
myoclonus, and schizophrenia are variant manifestations the same disease. This 
seems unlikely because members the family and the attending medical practitioners 
are certain there resemblance between the symptomatology the different 
patients. Furthermore, other workers have not noted the occurrence schizophrenia 
and myoclonic epilepsy the same families. probably correct assume that 
without myoclonus and schizophrenia are chance and unrelated 
occurrences this family and they will not further considered this discussion. 

The gene for myoclonic epilepsy must autosomal and recessive and must have 
the heterozygous state approximately per cent the subjects in- 
clusive, and was certainly present both III.7 and recessive did not 
produce clinical disease and was not recognized until the mating the heterozygotes 
and 1V.3 produced homozygotes with the overt disease. for this con- 
sanguineous marriage gene would probably have remained latent for indefinite 
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period. This because myoclonic epilepsy rare disorder and, although heterozy- 
gotes are more frequent than homozygotes, the chances are small that completely 
unrelated heterozygotes will marry. Members the family, who have shown some 
concern that their future offspring may affected, have therefore been advised that the 
risks are slight provided consanguinity avoided. 

the siblings V.1 V.6 four members are affected but nothing can stated about 
the fifth. The unaffected male may heterozygote may not carrying the 
recessive gene. reported other workers the ratio affected unaffected 
family (ignoring the infantile death) unusual but not improbable. 


The blood groups the affected family are shown follows: 


Tests were also performed some unaffected relatives but cannot usefully 
related the abbreviated family tree. There was, however, suggestion linkage. 
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PATHOLOGICAL CHANGES MUSCLE BIOPSIES FROM 
PATIENTS WITH PERONEAL MUSCULAR ATROPHY 


(From The Branch Medical Neurology, National Institute Neurological Diseases 
and Blindness, National Institute Health, U.S. Public Health Service, Department 
Health, Education and Welfare, Bethesda, Maryland) 


INTRODUCTION 


the course investigations into the pathology muscular diseases 
number cases were encountered, whom the microscopic changes 
bore features myopathic lesion well those neurogenic involve- 
ment. 

The features thought represent primary disease muscle are: 
involvement isolated muscle fibres, which show loss cross striation, 
cloudy, granular and floccular changes, and nuclei within the contents 
fibres normal diameter (fig. Plate XCVII). Changes connective 
tissue may occur; regeneration manifested basophilia fibres, with 
large, pale nuclei and prominent nucleoli (fig. 3). neurogenic lesions 
the alterations affect groups five more adjacent fibres, which show 
reduction their diameter, and groups chains dark staining nuclei 
the atrophic fibres. 

was found that most those cases showing combined myopathic 
and neurogenic features were clinically diagnosed having peroneal 
muscular atrophy (Charcot-Marie-Tooth’s disease) (fig. 7). review 
the cases diagnosed here between 1953 and 1959, additional cases 
were found, whom only myopathic changes were seen but who fell 
clinically into the diagnostic group peroneal muscular atrophy. 
the present report then, all cases Charcot-Marie-Tooth’s disease seen 
during this period are reviewed and for control purposes patients with 
motor neuron disease (amyotrophic lateral sclerosis) are compared. 

necessary for the purposes this paper define the classical 
picture peroneal muscular atrophy. This disease was described 
1886 Charcot and Marie France and Tooth England. Charcot 
and Marie described patients, whom were siblings. their patients, 
the illness began the distal muscle groups the lower extremities, 
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affecting first the extensor hallucis longus, extensor digitorum communis 
the peroneal muscles. Charcot and Marie admit 
that the disease may begin the small muscles the feet, but this may 
not come the awareness the patients. The muscles the thighs 
become involved later and Charcot and Marie state that their sparing 
may apparent than real.” 

These authors state that the affection spreads the hands some 
time after the onset the disease, and later comes involve also the 
muscles the forearms. Asymmetry the degree affection the 
two sides not rare. Fasciculations are common, and the deep tendon 
reflexes disappear the affected areas. Fibrous contractures not 
occur, but there may increase subcutaneous fat. The skin tem- 
perature the diseased limbs lowered. 

Sensation was intact out the original patients Charcot and 
Marie, while the fifth, young female, there was reduction the 
appreciation pin-prick and temperature and sensibility.” 
This patient also experienced spontaneous pains the onset her 
illness. the cases Charcot and Marie the disorder usually began 
childhood adolescence. 

During the same year, Tooth’s thesis for the M.D. degree the Uni- 
versity Cambridge was published under the title, ““The Peroneal Type 
Progressive Muscular also described cases and their 
clinical picture was quite similar that described Charcot and Marie. 
Tooth came conclude that these cases (and others had found the 
literature) represented distinct type progressive muscular atrophy 
and proposed the term type.” 


METHODS AND MATERIALS 


this study, include those patients who presented with slowly evolving evidence 
progressive weakness and wasting the lower extremities, distal 
muscle groups, but some cases eventually involving also proximal groups. 
evidence myotonia the involved muscles was present clinical electrical 
examination. There was evidence weakness the facial ocular 
Evidence abnormalities the endocrine system, speech cataracts were not found. 

Not all patients here included showed findings involving sensory perception long 
tracts family history. Nevertheless, the presented one more such 
additional findings beyond the weakness and wasting described above. 

The case material here included comprises patients diagnosed according the 
criteria outlined above. Details their clinical findings are given Table All 
these patients underwent muscle biopsy with removal section from affected 
muscle. The pieces muscle tissue were fixed formalin and Zenker’s and Bouin’s 
fixatives, embedded paraffin, sectioned and stained with Van 
and Gomori’s trichrome stains. The specimens were examined 
independently the two authors. 

few patients, electromyographic studies were performed (Table I). 

For control purposes, the biopsy specimens patients suffering from motor 
neuron disease were examined after preparation the manner outlined above. 
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RESULTS 


neurogenic lesion muscle characterized lesions corresponding 
motor units. Groups small fibres appearing contrast non- 
afflicted fibres normal size are the lesions characteristically noted 
(fig. 8). Architectural changes such fibres are rare until their diameter 
decreased micra less. Associated with such groups may 
isolated enlargement other fibres with internal nuclei. Inflammatory 
cells are rare, and when found are usually limited but few lymphocytes 
about blood vessels. can seen Table II, regeneration equally 


TABLE 


PATHOLOGIC FINDINGS BIOPSIES 
SKELETAL MUSCLE FROM CASES 
PERONEAL MUSCULAR ATROPHY AND 
CASES AMYOTROPHIC LATERAL SCLEROSIS 


Isolated lesions 


med. fibres 


Phagocytosis and 
inflammation 


Basophilia and 
prominent 


Endomysial collagen 
increase 


Endomysial fat 
increase 


Group lesions 


Internal nuclei 


PERCENT 
muscular —I7 cases 
Amyotrophic lateral sclerosis cases 


rare. Muscle spindles not appear affected unless the neurogenic 
lesion secondary inflammation within the muscle (fig. 6). The 
presence architectural changes isolated muscle fibres micra 
more diameter characteristic myopathic changes our experience. 
Phagocytosis and other elements inflammation may frequently 
found within such fibres and regenerative attempts are not uncommon 
(fig. 1). Not pathognomonic but interest the tendency for more 
endomysial connective tissue and endomysial fat present myo- 
pathies. The polygonal shape the fibre cross section appears 
more commonly preserved the small fibres secondary neurogenic 
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lesion. glaring exception this is, however, the infantile spinal mus- 
cular atrophy Werdnig and Hoffman. 

one then utilizes these criteria the analysis this material, one 
finds that the patients (S. and S., fig. 5), with peroneal 
muscular atrophy had biopsies which demonstrated only isolated archi- 
tectural changes fibres micra above and whom group lesion 
was found. Both these patients had sensory loss physical examination, 
and history similar involvement other members the 
cases (J. S., and S.) only neurogenic lesion was found 
and 2(P. and P.) lesion could seen. This latter finding 
emphasized the random nature the muscle biopsy. The remaining 
patients demonstrated both neurogenic and myopathic features the 
muscle biopsied (Table I). 

More specifically, per cent the patients with peroneal muscular 
atrophy showed architectural changes isolated muscle fibres with 
diameter micra above. This was found but the cases 
amyotrophic lateral sclerosis, 7-1 per cent. 

Groups small fibres were found the biopsies 100 per cent the 
patients clinically diagnosed amyotrophic lateral sclerosis, and 
per cent patients diagnosed peroneal muscular atrophy. 

Other cells such phagocytes inflammatory cells were found within 
damaged fibres adjacent damaged fibres around blood vessels 
per cent the biopsies obtained from patients with peroneal muscular 
atrophy. per cent the patients with amyotrophic lateral sclerosis 
showed such cells around blood vessels. 

per cent patients with peroneal muscular atrophy showed evidence 
regeneration within biopsied muscle. regeneration was observed 
the control biopsies from patients with amyotrophic lateral sclerosis. 
However, have, since completing this study, seen regenerating fibres 
case amyotrophic lateral sclerosis. 

significant increase endomysial collagen (fig. was seen the 
muscle per cent the patients with Charcot-Marie-Tooth’s disease, 
and per cent those with amyotrophic lateral sclerosis. Internal 
nuclei medium-sized large fibres were seen per cent biopsies 
from patients with Charcot-Marie-Tooth’s disease, and per cent 
biopsies from patients with amyotrophic lateral sclerosis. 

appears that there significant increase myopathic changes 
muscle biopsied from patients with Charcot-Marie-Tooth’s disease, 
compared similar group patients whom the pathology believed 
limited the anterior horn cells and central nervous system. This 
does not detract from the long recognized fact that the majority patients 


1Representative sections one these two cases (B. S.) may seen figs. 
Livingstone, Edinburgh, 1957. 
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with Charcot-Marie-Tooth’s disease also have neurogenic lesions. 
spectrum pathologic changes ranging from myopathic neuro- 
pathic picture may seen patients who may clinically identical. 
The majority such patients, however, reveal changes interpreted both 
neurogenic and myopathic the muscle biopsied. 


DISCUSSION 


out cases examined muscle biopsy, there were features 
suggesting primary disease muscle addition the evidence pointing 
disease muscle secondary neural involvement, and other 
cases the abnormalities were only myopathic nature. The diagnosis 
these cases cannot doubted the basis the family history and the 
clinical findings. 

This finding contrasts with the pathological observations Charcot- 
Marie-Tooth’s disease described the literature. The majority authors 
have described changes characteristic neuropathic disorder the 
muscle, although differing opinions have been expressed. Adams, 
Denny-Brown and Pearson (1953) reflect the confusion with their state- 
ment: “One source difficulty has been the repeated finding hyper- 
trophied fibres and the remarkable admixture places normal and 
atrophic also state: pathological picture undoubt- 
edly that chronic neural muscle atrophy and not dystrophy.” 
similar conclusion was reached Brodal, and Frévig (1953). 
They concluded that the evidence, both histologically and electromyo- 
graphically, pointed toward neurogenic affection. They indicated, 
however, some concern with certain “degenerative features,” and stated 
that changes the same kind are met with other types 
progressive muscular atrophy, but are less pronounced than most 
cases this investigation.” They believed that such features could 
develop only because the slow development the disorder Charcot- 
Marie-Tooth’s disease. Their study was based twenty biopsies 
obtained from patients. Gallinek (1930) believed the basis 
case that both myopathic and neurogenic changes may occur. Similar 
conclusions were reached Cassirer and Maas case (1910), and they 
applied the term The drawings accompanying 
their paper, however, suggest mainly neurogenic 

Several the cases here included showed spread the affliction 
proximal muscle groups. This contrary the opinion expressed 
textbooks such Wilson’s who states: “Seldom 
does the mischief spread over the knee, for instance the vastus internus, 
and then implicates only the lower third the thigh.” The possibility 
proximal involvement is, however, least implicity granted the 
original paper Charcot and Marie, and instances proximal involve- 
ment are reported Hoffmann (1889), Sachs (1890) and Davidenkow 
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(1939). Hoffmann accepted also involvement facial muscles part 
this disease, did Oppenheim and Cassirer (1896). 


Myopathic involvement distal muscle groups urges the consideration 
distal myopathies, either the myotonic simple (Gowers, 1902; 
Welander, 1951) type. Pains have been taken above point out that this 
possibility was considered and rejected all cases the present series. 


SUMMARY 


The pathological changes muscle specimens obtained biopsy 
from patients with peroneal muscular atrophy (Charcot-Marie- 
Tooth’s disease) are compared with those from patients with amyo- 
trophic lateral sclerosis. 


the patients with peroneal muscular atrophy, had normal biopsies, 
showed myopathic changes only, only neurogenic alterations, and 
the picture was one both myopathic and neurogenic changes. 
only one the patients with amyotrophic lateral sclerosis were changes 
interpreted being myopathic found addition the characteristic 
neurogenic lesion. 


wish thank Mr. Fred Meiller for his assistance with the photo- 


graphic work. 
REFERENCES 


London. 

BRODAL, A., BOYESEN, S., and (1953) A.M.A. Arch. Neurol. Psychiat., 70, 

CASSIRER, R., and Maas, (1910) Dtsch. Nervenheilk., 39, 321. 

M., and (1886) Rev. Méd., 97. 

(1939) Arch. Neurol. Psychiat., Chicago, 41, 694. 

GALLINEK, (1930) Dtsch. Nervenheilk., 114, 74. 

Gowers, (1902) Brit. med. J., 89. 

HOFFMANN, (1889) Arch. Psychiat. Nervenheilk., 20, 660. 

OPPENHEIM, H., and (1896) Dtsch. Nervenheilk., 10, 143. 

(1890) Brain, 12, 447. 

(1886) Peroneal Type Progressive Muscular London. 

WELANDER, (1951) Acta med. scand. Suppl. 265. 


LEGENDS FOR PLATES 
PLATE XCVII 


Fic. 1.—Section tibialis anticus muscle 11-year-old male (T. J.) with 
peroneal muscular atrophy showing floccular changes and phagocytosis isolated 


Fic. 2.—A perivascular accumulation cells the same section fig. 12054— 
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illustrate article Haase and Milton Shy. 
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PLATE XCIX 


illustrate article Haase and Milton Shy. 
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PLATE XCVIII 


Fic. 3.—A typical basophilic small fibre with vesicular nuclei and prominent 
nucleoli suggestive regeneration the muscle the same patient fig. 


Fic. 4.—A typical group lesion indicating neurogenic origin the muscle the 
same patient shown fig. Normal unaffected fibres are seen the edge the 
picture. H.&E. 300. 


PLATE XCIX 


Fic. 5.—Section the tibialis anticus 20-year-old male (B. S.) with peroneal 
muscular atrophy. This patient presented with diminution peripheral sensation 
and family history. The only lesions found were numerous isolated medium- 
sized fibres, characteristic myopathic origin. 12066—915-C. 240. 


Fic. 6.—Sparing the muscle spindles may seen this section the tibialis 
anticus 12-year-old female (S. Gomori Trichrome. 
950. 


PLATE 


7.—A combined neuropathic and myopathic lesion gastrocnemius 48- 
year-old male (T. 160. 


Fic. 8.—A typical lesion origin seen one the control patients 
with amyotrophic lateral sclerosis. 9314—B-905. 420. 
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THE ULTRASTRUCTURE HUMAN MYASTHENIC AND 
NON-MYASTHENIC MOTOR END PLATES 


Midland Centre for Neurosurgery, Smethwick 


SINCE Oppenheim (1887) reported for the first time post-mortem 
examination case myasthenia gravis under the heading 
Progressive Bulbar Paralysis without Anatomical Findings,” has been 
believed that the cause the failure neuromuscular transmission must 
lie some disorder the neuromuscular synapse. has been surprising, 
therefore, note series observations (Coérs and Woolf, 1954; Woolf 
al. 1956; Coérs and Woolf, 1959; Coérs and Desmedt, 1959; Bickerstaff 
and Woolf, 1960; MacDermot, 1960) which have established beyond 
doubt that with the aid vital staining and histochemical demonstration 
cholinesterase, florid morphological changes can regularly demon- 
strated the intramuscular nerve endings myasthenia gravis. These 
changes, which are two main types termed (1) dysplastic, and (2) 
inflammatory dystrophic, appear permanent nature that 
their possible relationship the disorder transmission not easy 
envisage view the prompt effect prostigmine and other anti- 
cholinesterase drugs. elusive the relationship between the 
structural changes and the abnormal reaction myasthenic end plates 
depolarizing agents such decamethonium (C10) (Churchill-Davidson 
and Richardson, 1952a and 1953; Churchill-Davidson, 1959) and 
choline (Grob al., these reasons seemed important 
undertake electron microscopic studies myasthenic and non-myasthenic 
end plates and upon the results these studies recent cases 
myasthenia gravis that this paper based. 


METHODS 


each case the motor point the palmaris longus was determined 
the skin and incision made the long axis the muscle with the 
motor point its mid-point. After the muscle had been exposed and 
electromyographic records taken from it, the terminal innervation zone 
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was determined direct electrical stimulation described Coérs and 
Woolf (1959). With this zone centre, long strip muscle 
possible was taken for histochemical demonstration cholinesterase. 
stitch was then passed through adjacent fasciculus and traction applied 
that its undersurface became visible. was then possible recognize 
the terminal nerve bundles very fine white threads the centre the 
fasciculus. sample muscle cm. wide and 0-5 cm. long was 
then removed with the termination (as seen with the naked eye) the 
nerve bundle its centre. The tissue was immediately placed large 
drop per cent osmic acid solution (buffered according Palade, 
1954), piece card. After ten minutes the tissue was cut into mm. 
cubes and fixed large volume the solution for two hours. The 
tissue was then rinsed per cent methanol and dehydrated graded 
methanol and embedded methyl methacrylate, polymerized with 
benzoyl peroxide 60° overnight. Ultra-thin sections were cut with 
Cook and Perkins ultramicrotome and viewed with Siemens Elmiskop 
electron microscope. nerve fibres were seen, and they were easily 
recognized their myelin sheaths, further sections were cut, motor 
end plates were usually present any block containing small nerve 
bundles. were nerve fibres the blocks were set one side and 
have not yet been further cut. 


After the specimen for electron microscopy had been taken other 
specimens were (1) taken for paraffin embedding and hematoxylin and 
eosin staining and (2) vitally stained with methylene blue and treated 
demonstrate cholinesterase detailed Coérs and Woolf (1959). 


CASE REPORTS 


Case 1.—A female patient aged was admitted the Midland Centre for Neuro- 
surgery 15.6.59. Case No. 59/444. Two years previously she had developed 
weakness the voice, mainly the evenings, when talking loudly. This had 
slowly worsened, and six months before admission she had developed diplopia each 
evening, and weakness the fingers after sewing knitting. For the same time she 
had had difficulty chewing and swallowing the evening meal, and for three months 
fluids had regurgitated down the nose. 

examination her voice was very hoarse and she became aphonic after much 
speaking. There was bilateral ptosis, diplopia the right, weakness the orbicularis 
oculis and the palate, and she was unable sit without the use her arms. 
All these muscles showed easy fatigability. All were returned normal immediately 
intravenous Tensilon, and after forty minutes subcutaneous prostigmine 
mg.). X-ray chest and anterior mediastinum were normal. 

intensity-duration curve the right palmaris longus was 
myography, using concentric needle electrodes the same muscle, yielded traces 
which the potentials were unusually low voltage and showed marked tendency 
polyphasic, the individual waves the polyphasic complex being very short 
(often less than ms.) duration. fatigue developed the number motor unit 
action potentials within given period decreased until after minute seconds, 
there were practically potentials recorded. After mg. Tensilon intravenously 


there was rapid return the potentials which were still polyphasic. Stimulation 
the ulnar nerve just above the elbow with surface electrodes over the hypothenar 
eminence demonstrated fatigability the hypothenar muscles, the evoked potential 
almost completely disappearing after minutes seconds using supramaximal 
stimuli stimuli per second, the stimuli having duration 0-1 ms. 

biopsy was taken from the right palmaris longus 23.6.59. The exposed muscle 
had normal appearance and the motor point was well defined. piece muscle 
fixed per cent trichloracetic acid and subsequently embedded paraffin was 
sectioned serially and the section stained with and eosin. definite 
abnormality was observed any these sections. The piece muscle taken for 
cholinesterase demonstration was unfortunately left for six hours saline before 
fixation. The subneural apparatuses stained very faintly, even after five hours’ incu- 
bation; they were then poorly defined and there was some crystalline diffusion around 
them. Occasional end plates had filamentous appearance. Vital staining with 
methylene-blue demonstrated clearly the terminal motor innervation the end 
plates. These unfortunately barely stained and the occasional end plate which could 
seen was not sufficiently impregnated permit reporting its appearances. The 
intramuscular nerve bundles contained the normal number nerve fibres which 
showed abnormality their form, neither was there any abnormality the sub- 
terminal nerve fibres except for occasional fibre bearing spherical axonic swellings. 

Electron microscopic intramuscular nerve bundles and end plates 
were studied. The nerve bundles contained from one more than twenty mye- 
linated nerve fibres (figs. and Plate The nerve fibres appeared well fixed, 
lamination the myelin and the internal structure the mitochondria being easily 
recognizable. Neither these features presented any abnormality. The most 
striking feature the nerve bundles was the large amount which 
presented (fibroblasts, Schwann cells and collagen) proportion the number 
nerve fibres, thus nerve bundle containing single small myelin sheath 0-1 
diameter within its Schwann cell, was seen surrounded 
increasing the narrower diameter the nerve bundle (fig. Myelin 
sheaths always occupied the cytoplasm Schwann cell. Non-myelinated nerve 
fibres were inconspicuous and when seen only one nerve fibre occupied particular 
Schwann cell. the nerve bundle divided into its terminal branches the number 
nerve fibres contained decreased until there was only one nerve fibre the bundle. 
following this bundle through series sections was possible arrive the 
end plate which showed itself series axoplasmic terminal expansions connected 
together axoplasmic filaments derived turn from slender terminal axon (figs. 
and 3a). 

The axoplasm the terminal axon did not differ strikingly from the more proximal 
parts the axon except that synaptic vesicles (Robertson, 1956) were conspicuous. 
The axon coursed parallel with and contact with the sarcolemma the muscle 
fibre upon which was form end plate for distance 15-5 before ending 
the filament the terminal arborization. 

The terminal expansions varied their form the different end plates studied but 
that from which the best preparations were obtained, they presented the appearance 
quadrant circle (figs. 5a). The contents the terminal expansion 
consisted the material low electron density recognized axoplasm within the 
more proximal part the neurone, together with mitochondria and synaptic vesicles. 
The mitochondria varied number different terminal expansions, but the well- 
preserved end plate referred above, there were about thirty mitochondria within 
one section. They did not appear differ their structure from the mitochon dria 
seen the more proximal part the axon. 
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The synaptic vesicles also varied number different terminal expansions, but 
some these they were certainly extremely numerous, more than hundred being 
present per mitochondrion. They varied from circular oval outline and their 
diameter was between 620 and 310 The terminal expansions were surrounded, 
except for the surface contact with the muscle fibre, Schwann cell cytoplasm. 
the muscle fibre side there appeared compound synaptic membrane 
described Robertson. The membrane was 600 width and appeared 
consist five layers, viz. three electron-dense layers, viz. the inner layer the axon 
surface membrane, the inner layer the muscle surface membrane and the fused 
outer layers these membranes. The fused layers formed the central electron-dense 
layer the synaptic membrane complex. The electron-dense layers were separated 
two layers low electron density (fig. 6). some end plates there appeared 
well-defined pores the axon surface membrane such size that synaptic 
vesicle could pass through them (figs. and 

intervals the central dense layer split that space filled with material low 
electron-density was formed and this dipped down into the muscle fibre surrounded 
the triple layered (next muscle fibre) membrane, form the junctional folds. 
These junctional folds were few number, only three being recognized relation 
some very well defined terminal expansions (fig. They often appeared short 
measuring only -33 length and sometimes had tennis racket form, dividing after 
short length into two branches which joined together form circle. With very 
high magnification there was appearance grooves the lining these folds 
(fig. 8). 

The sarcoplasm the end plate zone the muscle fibre was occupied material 
low electron density which were situated very large numbers granules 620 
diameter, slightly more dense material. There were addition few structures, 
with crenated outline, high electron density. Only occasional mitochondria were 
seen. 


Case 2.—A male patient aged was admitted the Midland Centre for Neuro- 
surgery 14.10.59. Case No. 59/776. 

Seven months previously and apparently the day following mild head injury 
noticed some disturbance vision which three days later declared itself frank double 
vision all directions, worst first waking, but varying greatly throughout the day. 
After three months developed drooping the right eyelid, also variable and was 
placed prostigmine ophthalmologist, with rapid improvement. stopping 
the prostigmine the symptoms returned. 

examination there was bilateral ptosis and the levatores were easily 
fatigued. oculomotor palsy was demonstrated, but his voice was hoarse and 
became indistinct after prolonged speech. 

Prostigmine mg.) injection returned him normal, and pyridostigmine 
120 mg. q.d.s. remained symptom free and the voice returned normal. 

muscle biopsy was taken from the right palmaris longus. preliminary intensity- 
duration curve this muscle was normal. Electromyography also yielded normal 
trace. biopsy the exposed muscle had normal appearance. With hematoxylin 
and eosin staining the muscle appeared normal. Cholinesterase preparations showed 
the subneural apparatuses many end plates. Some these were poorly defined. 
This was thought effect prostigmine. Other apparatuses were well defined 
and showed many units small groups close together. There were also number 
single units, some which were very small. Vital staining with methylene-blue 
yielded good impregnation the nerve fibres within the intramuscular nerve bundles 
and also the subterminal nerve fibres, and abnormality was detected either 
these. Unfortunately, the motor end plates were not demonstrated. 


Electron microscopic this case was possible study end plate 
which the relation the terminal expansions the axonic filament the terminal 
arborization was particularly well seen (figs. and terminal expansions 
could seen arising neck varying 0-2 long and broad one which 
was strikingly elongated (0-9 long) and delicate broad). The outline the 
terminal expansions this end plate differed from those seen the first case having 
more irregular outline where they were contact with the muscle fibre, the terminal 
expansion lacking the appearance seen the first case. 

The contents the terminal expansions were also different this case. The 
synaptic vesicles were present least great, possibly greater numbers, and these 
were very well preserved and suitable for study. Although they varied some extent 
size, they mostly measured 800 640 diameter, had the form slightly 
flattened circle, and sometimes showed band increased electron density running 
across their equator (figs. 10, and They differed from those seen 
Case that the mitochondria were very inconspicuous, while their place there 
were fifteen circular structures with greatest diameter 0-66 The outline 
the structure was formed what appeared skein-like aggregation tubular 
structures, the diameter the tubules being only 120 (figs. and some 
terminal expansions the material within the structures appeared less electron-dense 
than that within them, but mostly they appeared enclose axoplasm similar that 
seen the rest the terminal expansion including synaptic vesicles (figs. and 
13a). 

The synaptic groove this case did not show the appearance compound 
synaptic membrane, only the inner and outer membrane the complex being present 
with material low membrane density (figs. and between them occupying 
groove varying breadth from 660 220 Within this groove was possible 
make out large numbers approximately circular structures moderate electron- 
density measuring approximately 125 diameter. The groove dipped down into 
the junctional folds, which were more numerous than Case one terminal expan- 
sion commonly bearing about fifteen folds. These folds showed tendency branch 
once, the branches remaining closely applied but separated distance about 
460 between which chain vacuole profiles 430 diameter could easily 
recognized (figs. 11, and 15a). 

The sarcoplasm the end plate zone the muscle fibre was occupied material 
low electron density which were situated very large numbers granules 360 
diameter slightly more dense material. There were addition few structures 
with crenated outline high electron density. Only occasional mitochondria were 
seen. 


DISCUSSION 


Discussion the findings the two cases reported must inevitably 
brief and incomplete long our present ignorance the range 
normality the ultra-structure the motor end plate persists. This 
particularly applies the human end plate described Harven and 
Coérs (1959). Their end plate differs markedly from any end plate 
previously described animals any the end plates have seen 
patients suffering from wide variety diseases (vitamin deficiency, 
dermatomyositis, Werdnig-Hoffmann disease). Robertson 
(1960) has recently reviewed our knowledge the ultrastructure the 
end plate animals. Comparatively few animals have been studied. 
Robertson himself has confined his attention amphibian (chameleon 
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lizard and frog) end plates but the mouse has also been investigated 
(Reger, 1954, 1955, 1957-59, and Andersson-Cedergren, 1959). 

These pioneer electron microscopic studies confirmed Couteaux’ 
(1947a and and 1958) description the end plate which was based 
silver impregnation the neural component the end plate and vital 
staining and histochemical demonstration cholinesterase the muscular 
component which termed the subneural apparatus. showed that 
the terminal expansions the axon were discontinuous with the sarco- 
plasm and remained outside the sarcolemma but the terminal axons 
entered invaginations the surface the muscle fibre. The early 
electron microscopic studies showed Couteaux’ subneural apparatus 
consist foldings the sarcolemma surface 
the end plate, each junctional fold consisting dense layers extending 
into the cytoplasm for about one micron and separated from one another 
several tenths micron. The space between the axon surface mem- 
brane and the muscle surface membrane was occupied basement 
membrane substance which dipped down into the synaptic troughs 
within the junctional folds. The axon surface membrane did not partici- 
pate the formation the junctional folds but presented smooth 
surface passing across the mouths the junctional folds. 

The terminal axon was covered Schwann cell cytoplasm everywhere 
except where its surface faced the muscle surface membrane and the 
junctional folds. Robertson (1956) made special study the synaptic 
membrane complex the chameleon lizard, and considerable 
interest that striking difference was observed between its structure 
detailed Robertson and found the myasthenic end plates 
described above and end plates various diseases mentioned earlier. 
The complex our first case and non-myasthenic case reported 
preliminary note last year (Bickerstaff 1959) measures 
across and appeared differentiated into layers alternating 
electron density. and (less strongly) Robertson 
now suggest that this multi-layered appearance may the result con- 
densation the basement membrane substance result faulty 
fixation. Certainly the gap substance appeared homogeneous our 
second (Case myasthenic case. 

Robertson noted the lizard that the axoplasm the terminal expan- 
sions was packed with round oval profiles 300-500 diameter. 
These structures have been seen all other animals far studied. Del 
Castillo and Katz (1956) and Robertson (1956) suggested that the profiles 
might represent packets acetylcholine such Fatt and Katz (1952) 
have postulated causing their release the spontaneous miniature 
end plate potentials they had been able demonstrate occurring 
between arrivals nerve impulses. both the myasthenic cases and the 
other end plates have studied, these profiles have been present large 


=? 


numbers. have not been able detect any difference between their 
appearance the various cases such would explain the disorder 
neuromuscular transmission. 

Those studying the ultrastructure animal end plates have also 
observed large numbers mitochondria both the axoplasm the 
terminal expansion and the sarcoplasm around the subneural apparatus 
(sarcosomes). here that our preparations differ markedly from the 
end plate previously reported Harven and Coérs Although 
some terminal expansions Case showed considerable number 
mitochondria others showed very few and Case they were present 
particularly small numbers. both cases, there were very few mito- 
chondria the sarcoplasm. However, our other cases with the excep- 
tion the case myxcedema the number mitochondria the sarco- 
plasm the end plate was also small. particularly striking feature 
both cases was the presence large hollow circular structures apparently 
enclosing axoplasm which were outlined what appeared skein 
tubules. These structures resemble limited extent those which 
Reger (1958) and Andersson-Cedergren (1959) refer endoplasmic 
reticulum but differ almost invariably retaining their circular outline 
whatever plane they were cut. occasional end plate the substance 
they enclosed appeared less dense than that surrounding them; 
this respect also they appear differ from endoplasmic reticulum. 
Their significance not yet apparent but have noticed that their 
prominence was inversely proportional that the mitochondria. 
They were particularly prominent our case deficiency and least 
marked the case 

While this suggested that the circular structures might degenerated 
mitochondria, the absence intermediate forms made this less likely. 
The possibility artefact seemed excluded the presence the circular 
structures and normal looking mitochondria side side the same 
preparation (fig. 13). 

The form the end plate was some interest view the striking 
changes seen vital staining the intramuscular endings myasthenia. 
From this point view was particularly unfortunate that the vitally 
stained preparations both the present cases were unsatisfactory 
regards demonstration the end plates. may, however, mentioned 
that Case the terminal expansions had the flattened appearance and 
tendency arise sessile manner from the filaments the terminal 
arborization which have seen previously myasthenia and have 
regarded dysplastic abnormality, independent changes the 
interstitial tissue. the other hand, Case the terminal expansions 
the electron microscopic preparations showed tendency for the 
surface membrane concave outwards though there was some 
reduction inner tension. 
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The number junctional folds varied considerably different terminal 
expansions but the whole correspond those reported animal end 
plates. They were, however, far fewer than those illustrated Harven 
and Coérs’ human end plate. Whether this latter preparation 
regarded typical exceptional cannot decided until far larger 
material has been studied. 

the description the end plates our cases myasthenia have 
referred number other interesting observations such the presence 
vesicular structures between the branches the junctional folds, but 
not think the present the time discuss these observations. 
view our ignorance the ultrastructure the normal end plate feel 
sufficient put our findings record the hope that the essential 
abnormality the myasthenic end plate may become apparent our 
skill interpretation increases. 


SUMMARY 


Motor end plates muscle biopsy specimens from cases myasthenia 
gravis were studied electron microscopy. The appearances are de- 
scribed and resemble those previously seen animal end plates. There 
were differences between the findings the cases and also between each 
the cases and those encountered the authors other diseases. 
feature was recognized which could related the myasthenic disorder 
neuromuscular transmission. 
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LEGENDS FOR PLATES 
PLATE 
Fics. and (Case 1).—Intramuscular nerve bundle showing axons surrounded 
myelin sheaths within Schwann cells. 
Fic. (Case 1).—Two intramuscular nerve bundles. The one the left demon- 
strates the large amount packing tissue which surrounds single nerve fibre. 


Fics. and (Case 1).—The periphery end plate now view while the 
nerve bundle can still seen. terminal axon the right running towards the 
terminal arborization and the terminal expansions borne the latter can recog- 
nized the poorly formed junctional folds their vicinity. 


PLATE CII 

Fics. and (Case 1).—Section nearer centre end plate. Three terminal 
expansions can seen. The junctional folds are very poorly formed. 

Fics. and (Case 1).—Higher magnification one the terminal expansions 
seen figs. and mitochondria and synaptic vesicles are easily recognized. 
Except towards the synapse, the terminal expansion surrounded Schwann cell 

Fic. (Case 1).—The 5-layered synaptic shown with 
axoplasm above and sarcoplasm below it. 


PLATE 


Fics. and (Case 1).—As fig. but showing synaptic vesicles the vicinity 
breach the inner layer the axon surface membrane. 


(Case 1).—Highly magnified junctional fold showing grooves its wall 
draining board. 
PLATE CIV 


Fics. and (Case 2).—End plate showing four terminal expansions joined 
the terminal arborization. The expansions have less turgid appearance than 
Case The curious circular structures (X) are clearly seen. 


PLATE 


Fics. and 10A (Case 2).—One the terminal expansions seen figs. and 9a, 
synaptic vesicles and the tubular nature the circular structures can seen. Vacuole 
profiles can seen the sarcoplasm between neighbouring junctional folds. 


Fic. 11.—Higher magnification part figs. and show vacuole profiles. 
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PLATE CVI 


Fics. and magnification part figs. and 10a show synaptic 
vesicle with equatorial ridge and tubular nature circular structure. 


and (Case 2).—Another end plate showing difference the nature 
the axoplasm within and outside the circular structure and also the co-existence 
these structures with normal-looking mitochondria. 


PLATE CVII 


and 14a (Case 2).—End plate showing circular structure and mitochondrion 
juxtaposition and homogeneous appearance substance”’ synaptic gutter. 


Fics. and (Case 2).—Highly magnified junctional folds showing vacuole 
profiles sarcoplasm between adjacent folds. 


the illustrations are electron microscope preparations fixed osmic acid.] 


KEY ABBREVIATIONS USED FIGS. 1-15a. 


Breach axon surface membrane. 

E.C.N. Endothelial cell nucleus. 

F.T.A. Filament terminal arborization end plate. 
Junctional fold. 

Mitochondria. 

M.S. Myelin sheath. 

N.B. Intramuscular nerve bundle. 

R.B.C. Red blood cell. 

S.C.N. Schwann cell nucleus. 

S.G. Synaptic gutter. 


S.N. Sarcolemmal nucleus. 
Synaptic vesicle. 
. 
Terminal expansion. 
T.A. Terminal axon. 
TS. Tubular structures wall circular structures (X). 
Vacuole profiles lying sarcoplasm between junctional folds. 
Circular structures unknown nature. 
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KORSAKOFF SYNDROME THE POST-CINGULECTOMY 
CONFUSIONAL STATE 


(From the Departments Medical and Surgical Neurology, Radcliffe Infirmary, 
Oxford) 


1957 described unusual form confusion occurring for 
short period patients immediately after anterior cingulectomy (Whitty 
and Lewin, 1957). The condition was characterized disorientation 
for time and difficulty distinguishing between mental events and 
happenings the external world. Patients described enhanced 
vividness thoughts and dreams. found evidence this 
condition post-operatively removal cerebral tissue, either for 
trauma tumour, from other sites. However, confusional state for 
temporal sequence and some change the patient’s awareness himself 
has been noted following leucotomy and other operations the frontal 
lobes. could not therefore exclude the possibility that what 
had noted represented the effects damage other parts the frontal 
lobes rather than specifically the limited anterior cingulate area. 
Since then further our patients have undergone cingulectomy: 
them for severe obsessional states, for intractable aggressive 
outbursts with mental defect temporal lobe epilepsy (following 
Beau’s (1953) reports benefit these conditions) and one for schizo- 
phrenia with severe tension. these, were not fully examined the 
early post-operative period: and further two were unsuitable 
witnesses for such examination because mental defect. the 
remaining 10, all obsessional states, showed only 
early disorientation time. The other showed addition evidence 
the phenomenon previously described. Further study this suggests 
that contains element Korsakoff’s amnesic confabulatory 
syndrome, the fundamental element which appears failure 
organize remembered events their correct temporal sequence. The 
occurrence Korsakoff’s syndrome now well documented with 
lesions the hypothalamic region, with bilateral hippocampal lesions, 
and less certainly with bilateral frontal lesions. That should occur 
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transiently with bilateral cingulate lesions therefore some interest 
and our reason for describing these cases. 


CASE MATERIAL 


The effects noted after operation cannot have been due drug 
intoxication since they did not occur number other patients having 
cerebral tissue removed from other sites who had had the same drug 
regime both before and after operation. 

the patients observed all showed some disorientation time for 
the first forty-eight hours post-operatively. addition all showed for 
variable time after the operation and varying degree inability 
recall correctly events the preceding few hours. When asked 
describe these they would recount happenings which had occurred 
them, but not the time stated. Such occurrences were sometimes quite 
out context with the hospital environment which they recognised 
themselves be. the cases previously mentioned (Whitty and 
Lewin, 1957), they were usually aware that they were inaccurate, 
recognized inconsistencies and either spontaneously response 
questions spoke difficulty distinguishing between thoughts and 
external events. was noted, however, that all the supposed happenings 
fact represented real events their past experience though inaccurately 
placed time. The following cases illustrate this point. Case 
first drew attention this factor misplaced memory, the events 
described were initially thought pure fabrication until nurse 
returning from off-duty period confirmed that they had occurred 
pre-operatively. 


Case 225948) 

foreman-builder had cingulectomy 1956 after some years severe 
intractable obsessional neurosis which had completely incapacitated him for nearly 
year. 

When examined twenty-four hours after operation appeared alert and co- 
operative. knew the operation had occurred but did not know when. When 
asked what had been doing that morning described visit from the surgeon, 
giving correct details his operating theatre garb, and recounted conversation 
which had fact taken place the operation (done under local 
direct questioning thought this had not really happened but was part dream 
had the night before. the second post-operative day was again alert and 
responsive and fully orientated for place and person. was still unsure the 
time since operation. reply questions what had been doing that 
morning said had spent most the lift going down X-ray. then 
gave graphic description the lift getting stuck between two floors and the 
summoning electricians and porters get him out. direct questioning 
first stuck this story, but said was certainly the ward now and could not 
remember coming back, which thought was strange. Later described correctly 
minor change his dressing which had been done the ward dressing-room that 
morning, and stated that must have simply thought went X-ray. the 
third post-operative day could describe accurately and detail the happenings 
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the previous few hours. still thought had been stuck the lift but was unsure 
when. subsequently transpired that was fact describing accurately what had 
occurred the day before his operation. 


Case 225185) 

agricultural student aged after six years increasingly severe obsessional 
neurosis unresponsive variety treatments had bilateral cingulectomy 1956. 
the first post-operative day was alert and co-operative though rather uninhibited 
his language. knew had had operation but thought was some days 
ago. was orientated for place and person, but reply questions what 
had been doing the day before stated that had been playing cricket match. 
gave considerable details the game and the ground which was played. 
further direct questioning said was wrong about this, but had very clear 
impression playing this game recently: though agreed was not the day before. 
Subsequent information from his parents established that was describing accurately 
his college playing field and further that least some details the game referred 
particular match which had distinguished himself. the morning the 
second post-operative day was again alert and orientated for place and person. 
However was still uncertain how long was after his operation. reply 
questions how had slept said had been frequently disturbed someone 
taking his blood pressure and pulse-rate. further questioning was uncertain 
whether this was dream had really occurred. These procedures were correctly 
detailed, but fact had not been done all that night. Blood pressure and pulse- 
rate had, however, been taken frequently during his operation under local anesthesia. 
the third post-operative morning correctly assessed the interval since operation 
and recalled the conversation the evening before. volunteered the statement 
that now found easier decide what really happened the day before, but found 
difficulty timing during that day visit from his parents which correctly 
described. 


Case 235908) 

architect aged had bilateral cingulectomy 1957 for intractable 
obsessional neurosis eight ten years standing. the evening the first post- 
operative day was alert, and co-operative, but rather facetious and uninhibited 
his conversation. was orientated for place and person, knew had had 
operation but thought was two days before. was unable recall whether 
had had lunch tea. (He had had both.) answer questions about his night’s 
sleep said that had been disturbed visit from his wife, but further 
questioning was uncertain this. fact she had not visited him since the day 
before operation. described accurately walk the X-ray department but timed 
during that morning. had, however, been bed the ward all morning; 
and his only known visit the X-ray department had been two days before operation. 
Although uncertain when had eaten it, described accurately the two-course 
lunch had had some five hours before. the second post-operative day was 
still uncertain when his operation had been done. described disturbed night 
walking about search lavatory. fact had not been out bed and had 
been incontinent. his first night hospital, however, had been found looking 
for lavatory. When asked about meals recalled having thought had eaten 
his lunch but then being woken from doze nurse urging him eat was 
getting cold. the third evening was able give accurate account the 
days’ happenings including visit from his wife. 


Case 254313) 
draughtsman aged had cingulectomy 1958 for severe disabling obsessional 
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state. the first post-operative day was little drowsy, and when roused was 
slightly facetious though fully co-operative and orientated for place and person. 
knew had had operation and timed correctly the previous day. 
reply questions said could not remember any the present day’s happenings. 
supposed had had meals but could not remember them. 
described accurately the extent his lunch some two hours previously though 
did not know when had had it. the second day was alert and co-operative, 
though still uninhibited and facetious conversation. was seen mid-afternoon 
but found hard decide whether had yet had lunch what time day was. 
described visit his parents and some detailed conversation with his mother 
about book. This visit had occurred, but before his operation: his mother’s 
evidence suggested that the conversation had probably occurred week 
previously. this time volunteered the statement that found hard 
distinguish what thought had happened and what really had. the evening 
the third day showed evidence facetiousness disinhibition and seemed 
generally orientated for place, person and time. However, when asked what had 
been doing that morning gave detailed description visit his parents’ home 
where redecorating (also with some encouragement described detail) was going on. 
further direct questioning expressed some doubts whether had been 
there that morning. subsequently transpired that this visit had occurred some 
two months previously and the redecorations and conversation had about them 
with his father had all been accurately recounted. further questioning recalled 
his lunch (taken some six hours before) quite inaccurately but gave the details his 
supper (three-quarters hour before) correctly. the following morning 
was fully aware that had been hospital throughout the three previous days. 
remembered the day before thinking had visited his parents’ house, but now 
realized this was incorrect. spontaneously remarked greater subjective 
clarity his thinking. 


DISCUSSION 


fully developed Korsakoff’s syndrome usually shows elements 
both amnesia and confabulation. one time was supposed that 
primary fixation amnesia lead compensatory pseudo-reminiscence 
fill the memory gap. However there evidence that the process 
memorizing means completely lost even clinically severe 
Korsakoff state and more satisfactory explanation appears that 
the ability organize memories correct temporal sequence impaired. 
Memory recall therefore becomes haphazard business depending 
largely chance association: and may considered 
misplaced memory rather than invention phantasy. The patients 
here described certainly show inability organize memories correctly 
time, and there less convincing incidental evidence for some degree 
fixation amnesia. consistent change memory span appears 
during the period day two which patients exhibit these changes. 
However, capricious and variable memory span also often seen the 
Korsakoff syndrome. 

Although can said that objectively these patients show disability 
the sphere memory, should emphasized that subjectively they 
are more aware some change the normal relative vividness 
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thought and memories compared with external events. possible 
that the two may linked. Changes the sort here described raise 
the general problem how the normal individual orientates his 
memories and distinguishes between thoughts and perceptions external 
events. Some factor vividness, presumably basically emotional 
character, present the time laying down the memory, must part 
determine subsequent ease recall. Certain vivid key memories may 
thus act focal points around which the temporal panorama memory 
can arranged. This certainly one way which voluntary organiza- 
tion the sequence memory can occur: though there evidence 
that normal “involuntary” recall makes use it. simple fading 
vividness with the passage time may provide another index for temporal 
sequence. Any change this vividness factor, either the sphere 
perception mental imagery, might therefore expected disorganize 
memory. However, memorizing and recall are complex processes 
psychologically and physiologically and must regarded 
only convenient description for something which itself complex 
and requires further analysis. 

The evidence associating Korsakoff type memory defect with 
lesions the hypothalamic region abundant and convincing (Williams 
and Pennybacker, 1954; Hécaen and Ajuriaguerra, 1956). More 
recently some examples the syndrome have also been described 
following bilateral lesions the hippocampus (Scoville and Milner, 
1957). Here again the clinical picture seems typical and the site lesion 
unequivocal. The view that damage the frontal regions alone may 
cause the syndrome (Carmichael and Stern, 1931) less well supported, 
both clinical and anatomical grounds. However, Benedek and 
Juba (1941) have produced evidence that involvement the anterior 
thalamic nuclei and the cingulum may also give rise the amnesic- 
confabulatory state. such condition also occurs, even though 
transiently, bilateral cingulate lesions, may regard one more 
example functional link between hippocampus, hypothalamus, 
anterior thalamus and cingulate cortex. Lesions any these situa- 
tions may therefore give rise memory defects which will have some 
similarities and also some differences representing the particular 
the part affected. still interest consider why the changes 
following cingulectomy are transient, and also why bilateral interrup- 
tion the fornix, main connexion between hippocampus and 
bodies, has little any effect memory. 

conclusion interesting note how closely the regions the 
brain concerned with memory seem parallel those proposed Papez 
(1937) and now largely confirmed forming the substrate emotion. 
This perhaps expected for memory and emotion are indissolubly 
linked normal mental life. 
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SUMMARY 


Korsakoff-like state described part the transient confusional 
state which occurs for few days after bilateral cingulectomy. The 
relation this memory defect other aspects the post-cingulectomy 
state discussed. The anatomical implications are discussed view 
other known sites lesions giving rise Korsakoff syndrome. 
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THE INDIVIDUALITY THE MOTOR CORTEX 


BATES 


Neurological Research Unit, Medical Research Council, 
The National Hospital, Queen Square, London, 


INTRODUCTION 


stimulating the excitable motor region the cortex any number 
individuals the same species, soon becomes apparent that the 
observations vary from occasion occasion. There variation the 
positioning the excitable points relation the sulci and gyri, 
the relation the points each other, and also the exact nature 
the movements produced stimulation. This variability greater 
man and apes than cats and dogs. But only one set observations 
made each individual two possible causes for this variation— 
experimental conditions and true individual differences—are confused. 
Under the broad heading experimental conditions contributing 
variability, one would include the response anesthesia, and property 
the corticospinal motor system, which known “functional 
This property was first analysed Sherrington’s laboratory, 
and primary and secondary facilitation, deviation, reversal and extinction 
the motor response are well-recognized characteristics the cortico- 
spinal excitable system. may deduce from the known facts functional 
instability that the motor map may part depend the particular 
sequence which the excitable points have been stimulated. True 
individual differences may also contribute the variability. The gross 
anatomy the cortex, both vascular and gyral, some extent peculiar 
the individual, from which follows that the parts the cortex hidden 
sulci and behind blood vessels and hence inaccessible stimulation 
will have individual variation. But Sherrington was not satisfied that 
functional instability anatomical differences sufficiently accounted for 
the difference noted between the responses obtained individual apes, 
for some particular movements that were readily evoked one animal 
were never seen another, and vice versa. And when made his final 
report stimulation the primate cortex 1917 with Leyton, 
wrote, differences between the charts from different individuals 
our experiments seem too wide most instances accounted for 
merely temporal fluctuation response such localization experiments 
somewhat differently conducted might evoke from one and the same 
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hemisphere regard them indicating that individual variation 
functional topography the motor cortex found Franz 
Rhesus demonstrable the anthropoid species examined and 
least liberal measure.” Franz (1915) had performed acute experi- 
ments Rhesus monkeys. Both hemispheres were stimulated each 
individual and the surface area the cortex which gave respectively 
face, arm and leg movements was measured. Franz based his claim for 
individual variation between animals comparison these measures 
area from single acute experiment. his suggestion Lashley (1923) 
investigated the extent the variation shown the responses one 
monkey stimulated three occasions within eighteen days. The 
variations the responses the three occasions were considerable. 
When Penfield and Boldrey (1937) analysed the results stimulating the 
excitable cortex 128 conscious human subjects, they noted the 
variability between individuals and wrote, variability probably 
depends pre-existing conditions which are not always the same, for 
have found that those cases that were opened second time 
different responses were elicitable. The pattern response may depend 
also upon which spots are first stimulated the day operation.” This 
implies that what might called the long-term repeatability the motor 
map resulting from cortical stimulation given individual may not 
very satisfactory. The evidence presented this paper based the 
results exploration the same cortex two occasions from three 
months three years apart. suggests that under some conditions 
least the long-term repeatability sufficient give direct support 
Sherrington’s inference that cortical stimulation, least higher mam- 
mals, can bring out true element individuality the corticospinal 
motor system. 
METHODS 

(a) Material and Techniques. 

series patients undergoing various surgical procedures requiring cortical 
stimulation, there have been who have needed second exploration their motor 
cortex, months years after the first. The first cases were infantile hemiplegia. 
The sixth case was that 16-year-old girl with severe involuntary movements the 
left shoulder and elbow, but without evidence hemiplegia. All the patients were 
lightly with N,O, Pethidine and sufficient quantity prevent 
anoxia. The stimulator had low impedance output and square pulses each 
msec. duration were delivered bipolar stimulator with mm. separation between 
the electrodes. The duration stimulation was automatically timed sec. each 
spot. The stimulations were made maximum rate about four contacts with 
the brain per minute and care was taken not stimulate responsive region two 
successive occasions. The strength stimulation commenced volts and was 
increased until response was just obtained. The responses were noted observers 
who dictated their observations, and addition mm. cine film was taken many 
the movements. joining short length film into loop more detailed and 
accurate analysis the movement from each spot can made. The stimulation 
the second occasion proceeded without reference the previous results and without 
taking any special precautions achieve repeatability, particular note was taken 


limb position anesthetic depth. this way was hoped obtain data the 
long-term repeatability results with technique cortical stimulation adapted 
the needs the operating-theatre, but necessity crude comparison with that 
which can obtained the animal laboratory. 


(6) Explanation Figures and Protocols. 

Each the accompanying figures camera lucida tracing from colour photo- 
graph taken after stimulation the first operation. The excitable points were indicated 
tickets the usual way and they were traced and entered numbered circles 
mm. diameter—a distance equal the separation the bipolar stimulator 
electrodes. The pattern the small superficial vessels used provide fixed frame 
reference for the excitable points given individual from one operation the 
next. When the coloured photograph the second operation was available the 
position the excitable points could measured relation the nearest vascular 
markings and this way the points could placed the tracing and entered 
lettered squares. The error making this transfer was small relation the size 
the bipolar electrode and the marking ticket. Cases and zone cortical 
excision the first operation indicated outline small circles, and 
Cases and there was significant variation the position the sterile drapes 
the two occasions. This variation indicated interrupted line across the top 
the figure, and the cortex within was stimulated one occasion only. The figures 
are orientated correct one was looking the subject the erect position; 
that say Cases and which the right hemisphere was stimulated, the 
anterior edge the right; Cases and the anterior edge the left. 

The protocols show full the movements observed. These are described the 
code used and more fully discussed previously (see Bates, 1953). Basically the method 
designate the joint the first initial letter and the movement the second 
letter, each case using the nomenclature Grey’s Anatomy. The full abbreviations 
are follows: 


Joint (or part body) Movement 

Carpometacarpal (thumb only) Adduction 

Lip (corner mouth) Inversion 

Mandible Lateral Rotation 

Other Abbreviations 

(R) right Index finger 

Film analysis Ring finger 
“Followed by” Little finger 


N.B.—Italics barely perceptible movements. Heavy type rapid 
movements large amplitude. 
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full-stop separates the joint from the movement and similar joints the finger 
are distinguished numbers, e.g. MP(2).F means that the metacarpophalangeal 
joint the index finger flexed. this paper distinction made between the reports 
made observers and the reports made analysis the cine film. Experience has 
shown that when observer’s report single movement can checked against 
film repeatedly projected, the report liable inaccurate, particularly 
relation the temporal sequence which movements occur and when, for example, 
movement the shoulder inferred from observation motion the forearm 
and hand. For this reason the observer’s reports are distinguished bracket and 
the separate movements reported are separated semicolon implying that the 
sequence not necessarily correct. The movements analysed film are distinguished 
only records first approximation what observed within single response, for 
the pattern heavily influenced the relative amplitudes the different movements. 
order give some idea the relative amplitudes three founts type are used. 
Barely perceptible movements are italics, and rapid movements large amplitude 
heavy type. This refinement comes from suggestion Professor Woolsey. 


RESULTS 
Case (J. T.) 

child years 64), who had left hemiplegia and frequent focal epileptic 
attacks following measles encephalitis three years before. the first operation 
unusually deep subarachnoid space was seen and definite narrowing and hardening 
palpation all visible convolutions. small area cortex inferiorly was excised 
(dotted area fig. 1). The focal epilepsy continued unchanged and hemispherectomy 
was performed the second operation one year and five months later. 


CASE No. 1 (JT) 
(fig. circles) gave flexion the hip with 
medial rotation and some inversion the 
foot. the second occasion the response 
from and (fig. squares) were similar. 
Points, and the first occasion and 
the second gave complex move- 
ments the wrist, finger and elbow. When 
the upper limb responses the two 
occasions are compared there are similar- 
ities and differences. There was greater 
tendency for flexion the elbow occur 
primary response the second 
occasion. the other hand particular 
combination, namely separation the 
fourth and fifth fingers and opposition 
the thumb, was seen combination with 
more proximal movements the upper 
limb each exposure the “hand” 
region. the first exposure points 
and gave rotation the head and 
retraction the left corner the mouth 
and the second exposure points 
and gave similar response. 
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(J. T.) PROTOCOL 


Stimulation Right Hemisphere 
Interval Between Exposures One Year Five Months 


First exposure 


Second exposure 


Point No. Volts Point No. Volts 
all points all points 
MP(2-5).C] 
C*l 
[MP(2-5).F] MP(2-5).F; W.Ab] 
[He.R(L)] 


stimulation and E*2 the finger movements cannot clearly seen 
the film the hand was resting the blankets. During E*3 the hand was supported. 


Case S.) 


This was boy years 35) who had major and minor attacks since birth 
and moderate left hemiplegia, but his principal disability was outbursts un- 
controllable aggressive behaviour. temporal lobectomy was performed the 
first operation and hemispherectomy fifteen months later. The cortex was macro- 
scopically normal, but microscopy diffuse vascular pathology was seen. 
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Stimulation Right Hemisphere 
Interval Between Exposures One Year Three Months 


First exposure 


Point No. Volts 


volts 
all points 


Region not 
exposed 
first operation 
W.F; MP(2-5).F] 


— 


W.F; E.F; S.Ab] 

E.F] 

M.D] 

[Li.Re(L); M.D] 

M.D] 


NN 
* 


* 


CASE No. 2 (MS) 


lst 
Exposure 


1 Year 3 Months 


Second exposure 


Point No. Volts 


2nd 
Exposure 


volts 
all points 


[W.F] 

[W.F] 

E.F 


CM(1).0 


[Li.Re] 


the first exposure point gave 
flexion the wrist, fingers and elbow 
and the second exposure points 
and gave flexion the wrist and 
the first operation gave movements 
involving all the joints the upper 
limb with opposition the thumb 
the primary movement from points 
and point the second 
operation produced opposition 
the thumb only. Points and 
and produced similar movement 
the left corner the mouth 
the two occasions. The interrupted 
line across the top the cortex 
indicates that the exposure was 
carried more superiorly the second 
occasion and the response from 
and cannot compared. 


E.E 
[E.E] 
E.E 
| 
t 
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Case P.) 


This was girl 71) who had epilepsy since she was months old and 
was severe behaviour problem. The degree hemiplegia was relatively mild; she 
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had moderate grip and fair degree independent finger movement. 


(I. P.) PROTOCOL 


Stimulation Left Hemisphere 
Interval Between Exposures Seven Months 


First exposure 


Second exposure 


Point No. 

[MP(5).F; MP(234).F] 

[MP(5).F; MP(234).F] 

W.Ad] 


CASE No. 3 (IP) 


1st 
Exposure 


Point No. Volts 


Region not exposed 
second operation 


MP(34).F] 
[MP(345).F] 


the first exposure, view 
the relatively slight hemiplegia, 
was unusual find such extensive 
zone the presumed region the 
pre-central gyrus which was silent 
stimulation. This was therefore ex- 
tensively stimulated the point 
which produced coagulation the 
pia the bipolar contacts, without 
response. reported that 
palpation the cortex was somewhat 
harder than normal. excision 
was based the evidence electro- 
corticography and was limited the 
posterior parietal region. the 
second exposure seven months later, 
which hemispherectomy was per- 
formed, the findings stimulation 
were exactly repeated. The response 
observed the fingers from the small 
region the superior part the 
exposure each occasion consisted 
flexion, occurring first and most 
marked the little and ring fingers 
with, each occasion, extension 
the terminal phalanx the thumb— 
variable amount wrist flexion 
was added. 


| 
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Case H.) 


This patient was girl 97) who had severe right hemiplegia and frequent 
minor attacks possibly related diphtheria immunization the age months. 
the first operation temporal lobectomy was performed, but without bringing 
relief the fits tempers. hemispherectomy was performed eight months later. 
The convolutions were harder than normal and diffuse pathological change was 


present. 


Stimulation Left Hemisphere 
Interval Between Exposures Eight Months 


First exposure 


Point No. 
[MP(45).F] 


[MP(45).F] 


CASE No. & (DH) 


lst 


Exposure 


Volts 


Second exposure 
Point No. Volts 
RP. volts 

all points 

[MP(45).F] 
MP(345).F] 
MP(4).F 


Q > 


[MP(4).F] 


D*1 MP(4).F 


MP(345).F] 
MP(45).F 


The experiences this case were 
closely similar Case limited 
repertoire movement the upper 
limb, principally flexion the fourth 
and fifth fingers and some pronation, 
was obtained over small area the 
first exposure (points and 3). 
Precisely the same region was respon- 
sive the second exposure eight 
months later and similar movements 
were produced. Extensive stimulation 
the adjacent area was negative 
each occasion. 


Case G.) 


boy 75) who had right hemiplegia since birth, fits for the past four 
years and severe behaviour disturbance. local excision (dotted area) was performed 
the first operation. 
(D. G.) PROTOCOL 
Stimulation Left Hemisphere 
Interval Between Exposures Three Years Nine Months 
First exposure Second exposure 
Point No. Volts Point No. Volts 
all points 
[MP(34).E] 
F*1 MP(3).E 
F*2 
elbow was fully flexed before this stimulation. 
this case the cortex the superior 


half the exposure was normal-look- 
and the strip cortex adjacent 
the large vein was continuously excit- 
able—anterior and posterior this 
strip response could obtained. 
the inferior half the convolutions 
were physically and electrically abnor- 
mal and unresponsive stimulation. 
the first occasion abduction the 
shoulder was produced from point 
flexion the elbow from point and 
from and complex movement 
the fingers, which unusual—ex- 
tension the third and fourth fingers 
with some slight extension the 
thumb. the second occasion three 
years and nine months later, the excit- 
able points were confined the same 
region and the map was very similar 
and the same unusual and character- 
istic movement the fingers was 
obtained from the same place (points 


Ast 
Exposure 


3 Years 9 Months 


2 as (5) 
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and H). This response appeared the film each occasion 
illustrated the photograph (Plate CVIII). 


Case (D. Q.) 
This was girl 68) who had violent choreo-athetoid movements the 
left arm—more pronounced the proximal joints. the first operation was the 
intention remove all the excitable cortex giving movements the elbow and shoulder 
stimulation. Two months after this had been done the movements were bad 
ever. second operation further excitable points for the upper arm were 
found and further excision performed. 
The cortex was normal appearance, and subsequently the excised area was 
shown normal histologically. 


(D. Q.) PROTOCOL 


Stimulation Right Hemisphere 
Interval Between Exposures Three Months 


First exposure Second exposure 
Point No. Point No. Volts 
all points all points 
[W.F] 


[W.F; MP(345).E] 
MP(345).E] 


[MP(23).F; W.E] [MP(2).F] 
MP(345).F 
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CASE the first operation the superior 
four points (1, and gave prim- 
ary movement the shoulder and 
elbow, point gave primary move- 
ment the wrist. The gyrus was 
excised down point and thus 
the second operation three months 
later, only the lower set points 
can compared. These points all 
gave movements the wrist and 
fingers each occasion and 
responses were obtained outside this 
relatively narrow strip. 
second stimulation was particularly 
necessary ensure that points 
giving shoulder elbow movement 
had been undetected the first oper- 
ation and the grey matter surround- 
ing the excised area was stimulated 
the point pial coagulation 
without response. The finger move- 
ments seen stimulating the re- 
maining cortex were somewhat complex but there were similarities the fine 
detail the movements the two occasions. For example, point the 
first occasion gave flexion the fourth and fifth fingers primary movement and 
this was found the second occasion. Point gave extension the third finger 
the primary movement, and the second occasion was seen secondary 
movement from the same point (point H). each occasion there was suggestion 
rather ready reversal from flexion extension several the points (e.g. and B), 
and this itself constitutes distinguishing feature this particular motor map. 


DISCUSSION 


(a) Long-Term Repeatability Motor Responses Stimulation 

Are the observations from single exploration the excitable motor 
cortex made the lightly human subject technique 
adapted the needs the operating theatre likely reliable guide 
for the surgeon? Bearing mind that special precautions were taken 
the second occasion make the conditions resemble the first, there 
are serious discrepancies the results the two occasions with 
regard the placing excitable points. particular, regions which 
were silent the first occasion were silent the second occasion also, 
both when these zones occurred within the presumed motor gyrus 
that there was long-standing disease affecting the corticospinal system 
least the cases and this would tend impose degree 
uniformity the results. But stimulation cortical point gives 
response region presumed histologically normal pre-central 
gyrus, one may uncertain how interpret it. There might for example 
significant fluctuations excitability from hour hour from day 
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day, and sense the negative result would transitory—Penfield 
(Penfield and Jasper, 1954) operating under local anesthesia suggests that 
this might have occurred one his patients, but there evidence 
from the present cases that this has occurred—a possible exception 
the region points and Case but there definite record 
that this region was stimulated the second exposure. With regard the 
parts the body involved the response, there was significant 
discrepancy the two exposures any case. Case was particularly 
instructive this respect. When involuntary movements the shoulder 
and elbow returned after the first excision, was tempting assume that 
some excitable points giving shoulder and elbow movement had been 
missed the first examination might have newly emerged—but 
repetition three months later such were not found. 

There would seem therefore reasonable doubt that single 
examination the excitable motor cortex under light has 
sufficient degree long-term consistency make practical use 
cases where the guidance stimulation necessary. might 
mentioned that has not been possible make comparison between 
the results stimulating the same cortex with and without anesthesia. 
But comparative experience other cases suggests that there greater 
variety true motor response the unanesthetized state, and increase 
its degree discreteness. The true motor responses elicited with the 
patient fully conscious are sometimes difficult identify owing 
superadded movements made the subject response the unusual 
experience, and for this reason, and also owing the the possible compli- 
cation focal epilepsy, the responses from the unanesthetized cortex 
may appear less repeatable. 


(b) Evidence for Functional Individuality Corticospinal System 


there evidence from these cases support Leyton and Sherrington’s 
suggestion measure” individuality the response the 
corticospinal system stimulation addition the more easily 
demonstrable fluctuation”? They inferred individuality 
the set observations single explorations about anesthetized 
apes. From comparable observations anesthetized man, one might 
well come the same conclusion, particularly film records are 
repeatedly examined. For seen that the movements any one case, 
particularly the wrist and fingers have element individuality 
which difficult convey any brief description, rather the same 
way that gait or, fact, any undrilled bodily movement has un- 
mistakably individual element impossible convey fully analysis 
because its fine detail subtle. But the present cases have had 
double exploration and one can establish the presence individual 
element more directly for, having identified particular characteristic 


feature the response one case the first occasion, may look 
for its presence the second occasion. this more stringent test 
cases. For example particular combination, two movements, 
namely flexion the fingers with abduction and opposition the thumb, 
leads the tip the thumb appearing between the third and fourth 
fingers (the so-called manus obscena posture). These two movements 
(combined with others the wrist and elbow) were filmed Case 
from point the first occasion and point the second. They were 
never seen combination from any the other cases. Case the 
movement flexion the fingers beginning the ulnar side, combined 
with adduction the wrist, was seen each occasion and gave the 
movement individual character the sense that other case was 
this particular combination seen. Similarly individual element 
Case was flexion the fourth and fifth fingers combined with pronation. 
Case isolated extension the third and fourth fingers, which 
unusual movement, was seen each occasion (Plate Case 
individual characteristic seen each occasion was extension the 
terminal phalangeal joint the thumb (point and H). Each the 
movements mentioned were seen repetition individual and never 
each the other cases, and this gives unmistakable support 
element individuality the response stimulation the kind that 
Sherrington supposed. 

individual element the response motor cortical stimulation 
present, would not necessarily confined combinations 
particular movements about selected joints, and one might expect 
discover individuality every feature the corticospinal system that 
one could study with sufficient precision. The various manifestations 
may show individual differences. For example, 
one feature the protocols for Case show that each operation some 
points gave similar response others but reversed—thus among other 
movements flexion the wrist occurred from point extension from 
point flexion the index point and extension point 11. This 
reversal unusual experience with cortical stimulation under these 
conditions, but was seen again this case the second operation; 
point gave extension the outer fingers and point flexion the 
same fingers. worth noting that the patient was suffering from 
uncontrolled movements this limb and, tendency reversal 
response genuine mark individuality, this case perhaps 
indicates that some defect the normal reflex mechanisms separating 
the two types movement the basis the disability. 

Since there appears individuality structure the nervous 
system wherever one looks for it—in the configuration the gyri, the 
proportion corticospinal fibres that decussate, the composition 


PLATE 


Photographs taken from the film the finger movement stimulating 
point the first exposure (a—before stimulation, b—end stimulation) 
and the second exposure three years and nine months later and d). 


The extension the 3rd and 4th fingers seen fore-shortening the 
proximal part (b) and apparent increase separation from the second 


finger (d). 
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(d) 
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the limb plexuses, take three examples the efferent side—it 
not perhaps surprising that the responses electrical stimulation show 
individuality also. The different character the responses reflects some 
structural differences. not present clear how these individual 
differences would show themselves daily life the clinic. may 
that certain features hand gestures with recognized racial 
characteristics have inherited well acquired elements. Penfield 
(Penfield and Jasper, 1954) has suggested that when recovery from 
hemiplegia cortical origin occurs the patient regains those movements 
most readily evoked stimulation. The individual element the finger, 
wrist and arm movements partial hemiplegia may expression 
the individuality response suggested electrical stimulation the 
cortex. 
SUMMARY 


(1) The results are presented electrical stimulation the motor 
cortex cases, each whom were exposed two occasions intervals 
from three months more than three years. These observations enable 
estimate made the long-term repeatability the results 
obtained single exposure. 

(2) The long-term repeatability, both respect the location the 
excitable point and the parts the limb which movements occur 
judged satisfactory the sense that the technique could usefully 
guide neurosurgeon. 

(3) also apparent that the fine details the response contain 
characteristic features which are present each occasion. This gives 
direct evidence that the corticospinal excitable system man shows 
functional individuality its response electrical stimulation. 
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DISSOCIATION COLD AND WARM SENSIBILITY 
DURING COMPRESSION THE UPPER LIMB 


(From the Department Anatomy, University Western Australia) 


INTRODUCTION 


THE occurrence sensory dissociation experimental nerve blocks 
has often been used evidence supporting the theory that cutaneous 
sensation founded upon four basic pain, cold 
and warm—each which has its distinct anatomical apparatus. 
particular, the order which these forms sensibility fail such blocks 
has been compared with the order which groups fibres tend fall 
out according their size when animal nerve blocked vitro. 
These comparisons involve many difficulties, among which 
contradictory results obtained relation cold and warm sensibility 
(Sinclair, 1955). 

One the chief factors determining the order sensory loss 
human experiment the relative intensity the various stimuli used, and 
none the work sensory dissociation has attempt been made 
use standardized thermal stimuli. therefore considered that further 
work might provide some more consistent information regarding the 
modalities cold and warm. Compression blocks were used since these 
yield more stable order sensory loss than procaine blocks, and are 
not complicated thermal disturbances such occur cold blocks 
(Sinclair and Hinshaw, 19504, 


MATERIALS AND METHODS 


male and female subjects took part the experiments. They were healthy 
adults between the ages and 44; only had previously taken part sensory 
testing experiments. Testing was confined the skin the ulnar distribution the 
hand, and the blocks the pad the little finger was used (Area the 
scheme Sinclair, 1948); the remaining the test area was the palmar aspect 
the metacarpophalangeal joint the same finger (Area 4). 

each experiment the subject sat with his left arm hanging down comfortably 
his side, and for period approximately twenty minutes opportunity was 
given for the skin temperature the test area come equilibrium. During this 
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period the skin temperature and the room temperature were followed thermocouples 
connected galvanometer reading directly degrees Centigrade. the end 
this time the temperature thresholds the test area were determined applying 
glass test-tubes half-filled with warm cold water. These tubes were cm. long, 
cm. external diameter, and cm. thick the sides; the base the tube, 
which was allowed rest the skin, was approximately 0-4 mm. thick, and the 
area contact (determined blackening the tube) was found approximately 
sq. cm. The whole the tube, except the contact area, was painted white 
reduce radiation heat. 

The temperatures inside the tube were varied mixing warm and cold water from 
two large reservoirs kept constant temperature. The temperature the glass 
applied the skin was recorded directly the apparatus shown diagrammatically 
fig. the tubes resting thermocouples supported foam rubber platform. 


Fic. 1.—Simplified diagram apparatus for measuring temperatures stimuli 
applied the skin. The tubes rest thermocouples supported layer 
sponge rubber. 


reading was taken just before the stimulus was applied the skin, and another 
immediately the tube was returned the rack; the mean these readings was recorded 
the stimulus temperature. The subject was asked report his sensations 
“cold,” was doubt, the tube was allowed remain for 
maximum ten seconds contact with the skin. The warm threshold was taken 
the lowest temperature could consistently identify and was recorded 
degrees above the skin temperature the time testing; the threshold for cold 
was similarly obtained and recorded. 

sphygmomanometer cuff was then inflated round the left arm the subject 
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described Sinclair (1948), the pressure being maintained 180 mm. mercury 
throughout the experiment. 

The skin temperature the test area was read two-minute intervals, and the 
temperatures the stimuli applied were related these successive readings the 
basis the threshold figures already obtained. Thus, the warm stimulus was 
maintained above the temperature the skin which was applied amount 
equal the warm threshold plus fixed increment which varied different experi- 
ments from 0-5° C.; the temperature the cold stimulus was kept below the 
temperature the skin which was applied amount equal the cold 
threshold plus identical increment. For example, the warm threshold had been 
found above the skin temperature and the cold threshold 3-5° below, 
the warm stimuli used during the block might above the skin temperature 
the time application, and the cold stimuli below, the increment each 
case being 

All timing during the block was done stopwatch, and the arbitrary end-point 
selected mark the disappearance was the time which the subject 
failed identify correctly three consecutive warm stimuli; the end-point for cold 
was exactly similar. Because the time necessary complete testing cycle, cold 
and warm were considered have failed together the times recorded for their 
failures were within two minutes each other. 

During the blocks, touch sensibility the test area was followed, using No. 
nylon thread cm. long mounted holder; the end-point taken was the time 
which three consecutive perpendicularly applied stimuli were not appreciated 
(Sinclair and Hinshaw, 


RESULTS 
Skin Temperatures 


The skin temperature the test areas varied different subjects 
between and 34° The mean temperature Area was 
C., with standard deviation C.; the mean for Area 
was the experiments the temperature remained 
“constant” within while the temperature thresholds were being 
established the remaining experiments there were some fluctuations 
more than this amount. 

every experiment but one the skin temperature the outset 
compression was within the temperature which the thresholds 
had been obtained; the one exception the temperature fell 
between the ending the threshold measurements and the beginning 
the block. the areas which had been during the 
threshold tests, and one the others, making areas all, did not 
vary temperature throughout the period testing during the block 
more than all other compressions there was fall 
temperature from the initial value lower level; the amount the 
fall varied from different experiments, and the minimum 
temperature reached area was 

The room temperature during the blocks varied different days from 
18° 25° C., but did not change during any one experiment more 
than 
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Fic. 2.—Temperature thresholds. The figures are the difference degrees 
Centigrade between the temperatures the threshold stimuli and that the skin; 
warm thresholds above the line, cold thresholds below. Each blackened column 
represents experiment Area each blank column one Area Group 
warm failed before cold, Group after cold, and Group with cold. 


Temperature Thresholds 

These have been plotted fig. base-line representing the skin 
temperature. only instances was the threshold for warm further 
from the skin temperature than that cold; the thresholds were 
equidistant, and the remaining experiments the warm threshold was 
closer the skin temperature than the cold threshold was. The mean 
these figures not differ significantly from each other 0-50). There 
was, however, statistically significant difference between the warm 
thresholds the two areas. Area the mean warm threshold was 
C., which higher 0-05) than the mean warm threshold 
for Area There was consistent correlation between the 
thermal thresholds and the skin temperature, but some interest 
that all but two the areas which the skin temperature was 29° 
more had cold threshold more below this temperature; 
contrast, none the areas with skin temperature below 29° 
had threshold distant from the skin temperature more than 


Failure Thermal Sensibility 

each experiment the three modalities tested were given ranking 
score the basis the order their disappearance, the first being 
ranked and the last Ties the ranking were treated dividing 
the available ranking score equally between them. The results 
individual experiments were then added together give the best estimate 
the true rank (Kendall, 1945). The totals are shown Table the 
two test areas being treated separately. 

will seen that the overall order sensory loss warm before 
cold before touch, and that this also the order both the individual 
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TABLE I.—FAILURE THERMAL SENSIBILITY 
Area Area Total 
Order sensory loss* Warm (333) Warm (383) Warm (72) 
Cold (43) Cold (444) Cold (873) 


Warm failed before cold 
Warm failed with cold 
Warm failed after cold 


*The figures are ranks derived described the text. 


areas. There is, however, less difference between the three modalities 
Area than there Area 

Table also shows the number times that warm failed before cold, 
with cold, after cold. Here again, the tendency for warm fail before 
cold clearly shown, though not statistically significant 0-05) 
when compared against the hypothesis that failure one modality 
before another determined merely chance. The comparison was 
made using the occasions which warm failed the same time 
cold being divided equally between the and the “afters.” 
(This procedure less likely yield statistically significant result than 
other methods dealing with ties this kind.) 

Table shows that the tendency for warm sensibility fail before 


TABLE BLOCKS WITH CONSTANT 
AND FALLING SKIN TEMPERATURES 
Constant Group: Falling group 
Variation 


Warm failed before cold 
Warm failed with cold 
Warm failed after cold 

Total blocks 


cold entirely confined the group experiments which the 
temperature fell during the block. Moreover, the relationship now becomes 
statistically significant 0-05), suggesting the existence some factor 
other than chance. Support for this view was obtained from comparison 
between the results subjects who underwent two blocks which the 
same area was tested (Table the conditions were identical except 


TABLE CONSTANT AND FALLING SKIN 
TEMPERATURES THE SAME SUBJECTS 


Temperature Temperature falling 


Warm failed before cold 
Warm failed with cold 
Warm failed after cold 


that one each pair blocks the skin temperature remained constant 
and the other fell. Three these controlled experiments were done 
Area and three Area The difference between the “constant” 
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and experiments the same subjects suggested, conjunction 
with the results Table II, that the overall tendency for warm fail 
before cold might connected with the drop the temperature the 
test area. correlation could found, however, between the order 
failure and the amount the drop; warm failed before cold just 
frequently when the fall was small when was large. 

There was correlation between the tendency for warm fail before 
cold and either the initial skin temperature the final skin temperature 
reached during the block. Nor was there any statistically significant 
difference between the thermal thresholds the group subjects 
which warm failed before cold and those the group which warm 
failed after cold (fig. 2). was therefore concluded that the fall skin 
temperature was probably the important factor. 

The results for the group blocks which the skin temperature 
did not vary more than are shown more detail Table 


TABLE THERMAL SENSIBILITY GROUP 
WITH CONSTANT SKIN TEMPERATURE 
Area Area Total 


Order sensory loss* Warm (11) Cold (6) Cold 
Cold (114) Warm (8) Warm (19) 
Touch (193) Touch (10) Touch (293) 
Warm failed before cold 
Warm failed with cold 
Warm failed after cold 


*The figures are ranks derived described the text. 


clear that this which there were disturbing temperature 
changes—there was suggestion any tendency for one temperature 
modality fail before another. 


DISCUSSION 


When nerve blocked, there for each modality cutaneous 
sensation progressive rise threshold which eventually determines the 
time which the modality recorded having (Sinclair and 
Hinshaw, This presumably because the nerve fibres supplying 
the test area succumb the blocking agent one after the other, they 
when excised animal nerve blocked. The tendency different 
modalities different times has the past been attributed 
solely differential vulnerability the fibres subserving them, and 
this has contributed great deal the concept that each 
mediated anatomically distinct neural apparatus (Sinclair, 1955). 
However, Sinclair and Hinshaw (1950a, showed that the 
use quantitatively inequivalent stimuli can itself lead one modality 
before another, quite irrespective any specific effect the 
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blocking agent the nerve fibres. therefore clear that any such 
specific agent exists, can only isolated using stimuli which are 
nearly quantitatively equivalent possible. For the modalities 
touch and pain this present impossible, since there way 
comparing the different forms energy involved. There is, however, 
theoretical difficulty about warm and cold, which are both aroused 
the same form energy. 

The sensations warm and cold depend the transfer heat 
from the skin, and the effective stimulus for warm cold therefore 
the temperature difference between the skin and the tube applied it. 
The most obvious method obtaining equivalent thermal stimuli would 
therefore use warm and cold tubes temperatures equidistant 
from the skin temperature the time application. This would satisfy 
the requirements thermodynamics, but unfortunately not always those 
physiology, for has been shown Lele (1954), and again the 
present investigation, that the sensory thresholds for warm and cold 
given skin area the hand are seldom equidistant from the skin 
temperature. The reason for this finding present unknown, but 
has the effect rendering temperatures equidistant from the skin 
temperature liable differ their sensory effectiveness. If, for example, 
the warm threshold above the skin temperature and the cold 
threshold below, object above the skin temperature will 
readily felt warm, but object below will not feel cold all. 
Similarly, object 10° above the skin temperature will represent 
physiologically effective stimulus C., but object 10° below 
skin temperature will have effective intensity only —4° 

therefore used temperatures which were equidistant, not from the 
skin temperature the test area, but from the thresholds for warm and 
cold determined the outset the experiment. Reason believe that 
this procedure valid provided the fact that this investigation, 
contrast those reported Sinclair and Hinshaw (195la), 
correlation could found between the order failure warm and cold 
and the initial sensitivity (as measured the thresholds) the test areas. 

the present series there overall tendency for warm fail before 
cold. This contrast with previous work sensory dissociation 
compression, which cold almost invariably reported failing before 
warm (see Sinclair and Hinshaw, for review literature). 
most these investigations, however, the testing conditions were not 
defined, and the results can have very little weight. others, the testing 
conditions must have contributed very materially the results recorded. 
Thus, Sinclair and Hinshaw used stimulus temperatures 
approximately 15° and 45° The skin temperatures were not recorded, 
but may assumed, from our present results, that they fell more often 
than not. imagine fall the vicinity the room temperature, 
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the temperature difference between the warm tube and the skin might 
the crucial moment have been the order 25° C., and the difference 
between the cold tube and the skin the order difference 
this magnitude would quite sufficient many subjects determine 
the apparent cold before warm. 

While the use stimuli geared the skin temperature through the 
thermal sensory thresholds avoids fallacies this kind, there another 
difficulty which applies particularly the present experiments. Lele 
(1954) has shown that, within the temperature range involved our 
experiments, fall skin temperature may cause the warm threshold 
deviate away from the skin temperature, while the cold threshold 
maintains steady relationship with it. Such deviation the warm 
threshold would reduce the physiological effectiveness the warm 
stimulus relative that the cold stimulus, and thus there would 
tendency for warm before cold merely because the skin 
temperature had fallen. Examination our results shows that the 
tendency for warm fail before cold indeed confined those blocks 
which such fall skin temperature took place, and therefore 
clearly unsafe assume that the order sensory loss recorded such 
blocks was due entirely the damage done the nerve fibres the 
compression. 

such objection can levelled the blocks which the skin 
temperature remained constant, and those blocks, far know, 
the alterations warm and cold thresholds which eventually resulted 
both modalities were produced solely the effects 
the compression the fibres the ulnar nerve. The results show 
evidence any tendency for one thermal modality fail before the 
other. The numbers involved are small, because the difficulty finding 
subjects whom the skin temperature remains throughout 
compression block. The results are also strictly relevant only the 
the ulnar nerve. Nevertheless, they suggest that some 
least the experimental dissociations thermal sensibility reported 
the literature may artefacts produced the testing conditions 
(cf. Cobb, 1919). 

far the present evidence goes, there nothing suggest that 
cold and warm are carried specific fibres which differ their suscepti- 
bility compression, and indeed nothing suggest that they may not 
carried one and the same group fibres. Zotterman (1953) and 
his colleagues have produced electrophysiological evidence that the 
cat’s tongue and nose impulses aroused cold and warm stimuli appear 
conveyed fibres with different characteristics. the other hand 
Lele and Weddell (1959) claim that the cat’s cornea impulses aroused 
cold, warm and mechanical stimulation all travel the same group 
fibres. Further evidence from dissociation experiments, particularly 
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cold blocks, which the order sensory loss most stable, would 
clearly value relation this controversy. 

Finally, perhaps worth drawing attention the considerable 
variation the skin temperatures and thermal thresholds encountered 
this investigation. these volunteers had been patients suspected 
some neurological lesion, sensory testing the areas concerned without 
regard the condition the skin the time might have led extremely 
confusing results. therefore appropriate stress again the basic 
importance using standardized sensory testing methods clinical and 
experimental neurology. Not until some form standardization 
adopted will results obtained different workers become comparable. 


SUMMARY 


Thermal stimuli directly related the thermal sensory thresholds 
the test area have been used study the relationship between the times 
failure cold and warm sensibility the ulnar distribution human 
volunteers subjected compression the upper limb. Provided the skin 
temperature remains constant throughout the compression, the results 
indicate consistent difference between the times cold 
and warm, and suggested that they are more likely accurate 
this respect than the results previous investigations using unstandard- 
ized stimuli. The implications this finding are briefly discussed, and 
the importance using standardized stimuli all neurological 
investigations stressed. 


ACKNOWLEDGMENTS 


would like acknowledge most gratefully the help all the 
volunteers who took part this investigation, and also thank 
Miss Susan Wheeler for preparing the illustrations. 


REFERENCES 


(1919) Arch. Neurol. Psychiat., Chicago, 505. 
KENDALL, (1945) Biometrika, 33, 239. 

and WEDDELL, (1959) Exp. Neurol., 334. 
(1948) Neurophysiol., 11, 75. 

(1955) Brain, 78, 584. 

——, and Hinshaw, (1950a) Brain, 73, 224. 

Brain, 73, 480. 

(195la) Brain, 74, 318. 

ZOTTERMAN, (1953) Ann. Rev. Physiol., 15, 357. 


XUM 


XUM 


677 


TACTILE LOCALIZATION 


HALNAN 
AND 
GORDON WRIGHT 
(From the Department Anatomy, University Cambridge) 


two recent studies (Elithorn, Piercy and Crosskey, 1953; Marshall, 
1956) inferences about the processes tactile localization have been 
made from the numbers and types errors localization that occur 
when various parts the fingers are stimulated. routine class- 
experiment which the foes were used test-sites, noticed that 
some subjects made fewer errors they were allowed look their 
toes immediately after the withdrawal the stimulus-object. This 
effect was not due such cues pitting blanching the spot touched. 
decided test rigorously, for both fingers and toes, series 
young adults good intelligence and normal health. each subject 
one hand and one foot were stimulated “blind,” and the subject was 
asked indicate, diagram hand foot, the digit supposed 
have been touched. With the other hand and foot the subject was 
asked look the digits immediately after each stimulation, and 
point, without touching, the digit supposed have been touched. 

second series, the method was varied asking the subject not 
point diagram the “blind” experiments but describe, terms 
his own choosing, the digit supposed have been touched. 
Finally, third series experiments, the importance movement was 
investigated: one hand and one foot were treated exactly before, but 
the subject instead looking the other hand foot after stimulation 
moved the digits. 

all three series invited comments and criticisms during the 
experiments, and afterwards asked questions. The various verbal 
reports proved great interest and importance. 


OUTLINE EXPERIMENTS 


Series Subjects 16. movement. Comparison 
(a) Without vision; position indicated diagram. 
(b) With vision; position indicated pointing the digit but not 
touching it. 
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Series II, Subjects movement. Comparison 
(a) Without vision; position described words numbers the 
subject’s own choosing. 
With vision; position indicated pointing but not touching. 
Series IIT, Subjects 48. vision. Comparison 
(a) Without movement; position described words numbers. 
(b) With movement; position described words numbers. 


METHOD 


The subjects were untrained, and there were practice runs. Each limb was used 
once only, hand and foot were used alternately, and each side each digit was used 
only once. The order which the four limbs were touched was varied; indeed the 
number sixteen was chosen for each series because allowed for one occurrence 
each possible order. 

The subject was prevented from seeing either his own limb the experimenter’s 
hand, large but mobile screen. was told that every stimulus would applied 
the side proximal phalanx, within its proximal half and the junction its 
dorsal and lateral surfaces, and was told that would touched only once each 
position: demonstration was given the experimenter’s finger. each limb, the 
stimuli the ten positions were given random order. The stimulator was 
mounted nylon bristle with two inches free (surgical ligature, Extra Stout Green 
made Surgicon Ltd.); when applied vertically the pan chemical balance, 
this bristle could counterbalance maximum grams. Preliminary tests showed 
that its tip never slipped the skin and that could not, used us, bow out 
much stimulate adjacent digit. 

the first two series the subjects were warned keep the test hand foot still both 
during and after stimulation, and not voluntarily exert any pressure the board 
was resting upon. the third series asked that whenever the effect movement 
was being tested they should keep still and relaxed during the stimulation but should 
then move the digits the hand foot before giving their response. They were asked 
tell soon they had made unhurried judgment, and make any comments 
they wished to, even such comments seemed them likely prove irrelevant. 
reaction times were recorded, but note was made abnormally quick slow 
responses. The intervals between successive stimuli varied considerably, being longer 
when the reaction time was prolonged, when the subject had any remarks make, 
when the experimenters had any special observations record. The interval was 
never less than sec. 

RESULTS 
General Comments 

Whether the subject indicated the position supposed have been 
touched, described it, shall speak his That this 
term has strongly clinical flavour bad thing, because the process 
localizing seems consist varying proportions (as does clinical 
diagnosis) intuition and inference, with sometimes little guesswork 
thrown in. Moreover, its origin the term diagnosis had more 
general connotation, being derived (O.E.D.) from 
distinguish, discern, from through, thoroughly, asunder 
learn know, perceive.” find century-old precedent 
Herbert Spencer (1855): 
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“In fact, when analysed the bottom, all perceptions prove acquired per- 
ceptions. From its simplest its most complex forms, perception essentially 


shall need several times make reference the exact experimental 


setting illuminating error comment, and will use the following 
conventions: 


(a) The subjects will referred their serial numbers heavy type, thus 17. 


(b) Hands and feet will indicated initials, and suffix that shows whether 
not the subject was allowed look the limb, move it, after removal 
the stimulus-object. Thus indicates the Right Hand (RH) and looking 
moving after stimulation 

(c) The positions (sites stimulation the digits), numbered consecutively from 
radial side thumb tibial side big toe, are indicated their numbers, 
brackets; thus (4) means the ulnar side the index the fibular side the second 
toe (fig. 1). Although fact subject used these numbers for referring the 


Fic. 1.—There were positions sites stimulation each limb, one each side 
the proximal phalanx every digit. The positions have been numbered consec- 
utively from the radial side the thumb (1) the ulnar side the little finger (10), 
and from the tibial side the big toe (1) the fibular side the little toe (10). 


positions, shall for simplicity use this notation even reported speech: e.g. 
subject was stimulated (7) said: think that was 

Some sensations were referred the mid-line digit, cleft: such positions 
are indicated thus (34), (64). 


Easy and Difficult Positions 


When stimulated certain positions (notably the thumb, index 
little finger, the outer side the big toe the fifth toe) localization 
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was almost instantaneous and nearly always correct: and asked 
subject how had arrived the right answer usually replied just 
knew,” the like. But with other positions, and notably those the 
three middle toes, there were long delays and numerous errors; the 
subjects generally considered carefully before committing themselves, and 
were able tell something their sensations and thoughts. This 
contrast between the immediate and intuitive knowledge the easy 
positions, and the thinking and considering even guessing found 
necessary the difficult positions, was clearly expressed several 
subjects and most clearly the following: 

Subject said: the foot had think. the hand just knew the 

the end his experiment, subject said: the fingers was certain every 
time. the toes was more certain region—big toe side, little toe side, and 
middle. Fingers are not counted, they are known, and the name number comes 
without thinking. Similarly with the big toe, and with the lateral side the little toe. 
With the other toes definite thought-process went on.” 

Subject said: toe best, and perhaps outer side foot. The rest have 
work out.” 

Subject said that was mixed between third and fourth 
much easier. The fourth toe hasn’t the same significance the fourth 

said: found very difficult the toes, sure. was positive the 
big toe and medial side the second toe and lateral side the fifth toe. could 
feel the hand much more clearly than the foot.” 


all, two-thirds the subjects told which the limbs the 
individual digits positions they found easy and which ones difficult. 
general, the hand was found much easier than the foot; and 
both hand and foot the first and fifth digits were easier than the middle 
ones. These opinions offered the subjects are supported other 
things that some them said. For instance: 
Subject made comment any the stimuli applied except that 
position his answer for this position, added the word 
When was touched (10) added: “Definitely; with the others 
was indication, not perfect knowledge.” 
37, when being stimulated made intentional comment any position; 
but when stimulated (1), and again (10), his immediate response was “Ah!” 
relieved tone voice. 


the contrary, four subjects expressed doubts about the validity 
their quite correct responses some positions: never (1), (2) (10); 
but three times (6), twice (7), and once each all other positions. 
The numbers errors made the various positions, the subjects 
together, are shown Table The figures bear out very well the 
opinions that the subjects expressed. The numbers mistakes made 
our subjects their fingers are too small for any detailed comparisons 
with the results Elithorn (1953), whose subjects made nearly eight 
times many mistakes proportion; but our series theirs the 
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largest numbers errors were made positions (5), (6) and (7), i.e. 
both sides the middle finger and the radial side the ring finger. 
TABLE TABLE SHOWS THE NUMBER ERRORS MADE EACH 


POSITION THE HANDS, AND EACH POSITION THE FEET, THE 
COLLECTIVELY 


This measure agreement between the subjective results and the 
objective encourages place reliance upon some other statements 
that will reported, which were great interest but which from their 
nature could not subjected experimental check. share the 
opinion Henri (1895) that the subjective findings experiments 
tactile localization are least equal value with the numerical results, 
and that objective and subjective should considered together. 
After-effects 

Half the subjects spontaneously referred after-effects. Many 
them used almost the same words describe their sensations. Some 
the statements will appear later; here are few others: 

Subject said: “If you give good dig lasts longer and you can more sure.” 

Subject said: sharp feeling first, then gradual dying-away. 
easier tell from the after-impression than from the 

said: the tingling remains from the last touch and confuses the 
current one. The sensation lasts for quite long time. The sensation doesn’t echo 


said: now realize the previous one was (7) because can still feel you 


touch (5).” 
said: the foot, more than the hand, there definite 
Comment.—Tactile after-effects have been reported Dresslar (1893) 
and Dimmick (1916), and several other writers during the last ninety 
years (Boring, 1942, pp. 


Sensations Straddling Web 

(a) There were several occasions which subject stated explicitly 
that from single stimulus had either two sensations, one either 
side cleft, single sensation straddling web, single sensation 
the middle part the web, single sensation that moved from one 
side cleft the other (fig. 2). For one these reasons found 
difficult impossible choose between two positions bordering cleft, 
supposed there had been double stimulation. subjects gave 
detailed accounts sensations these closely-related types: are 
reported here. 

When subject was stimulated the sixth position was (7). diagnosed 
(6) but expressed doubt adding: seemed like general stimulus in- 
volving the whole 
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Fic. 2.—These four sketches represent four varieties sensory experience reported 
number subjects—a sensation touch referred the web between two 
digits; sensation touch referred the adjacent sides two digits, and the 
intervening web; sensation which moves from the side one digit the side the 
digit adjacent across cleft; and two simultaneous sensations the adjacent 
sides two digits separated cleft. 


With subject 10, the last position was (3). made the diagnosis (2) and 

When was stimulated the sixth stimulus was applied position (2); 
correctly diagnosed it, but added: you touch the hairs the next toe?” 
Again, the last position (8), diagnosed: (8) spreading 

Subject reported, three times, sensation between adjacent digits. e.g., when 
touched (7) she diagnosed: between the third and fourth fingers, 
think the left side the third.” 
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When subject was stimulated RF-, the first position was (6), which 
diagnosed (4) (5), adding: felt you touch two 

Subject 47, the end his experiment, said: wondered had 
you the right answer because, after I’d told you, the sensation moved across 
between the toes.” 

There were many occasions which subject found difficult 
make his mind which side the cleft between two digits the 
stimulation had been made, but gave account his sensations. 
some cases the sensation was referred either the correct site 
the adjacent one across the cleft: 

When was stimulated position (7) diagnosed (6) but later changed 

his mind (7). 

Subject could not decide between (8) and (9) when stimulated position (9) 

Subject 25, when stimulated position (5) diagnosed (4) but added that 

she had previously thought (5). 

When subject was stimulated position (7) delayed very long 

time before saying: cleft—either (6) 

other cases doubt the subject indicatéd, described, positions 
bordering wrong cleft: 
When subject was stimulated position (6) LF—, diagnosed (9), adding: 

don’t think revealing that had fact considered that position. 

When was stimulated position (5) diagnosed ‘‘(7) 

(c) Over one-quarter all errors made (110 out 427) were simple 
cleft-errors, which the sensation was wrongly referred the position 
adjacent the correct one, across the cleft, without any direct evidence 
for the existence dilemma. All but six these errors were the 
feet, and the clefts involved were follows: (2)/(3) six times, (4)/(5) 
thirty-one times, (6)/(7) forty-three times, and (8)/(9) thirty times. 

Comment.—Urbantschitsch (1905) noted that, when tactile stimulus 
applied the forehead, the immediate sensation touch may 
followed after-sensation another spot, and that the after- 
sensation may more intense than the initial sensation. the dis- 
cussion shall suggest common explanation for both the cleft-errors 
and the cleft-dilemmas, terms such irradiations sensation. 


Sensations Other 
possible that sensations pressure, thermal other cutaneous 
sensations, are occasionally value determining the locus touch: 


Subject 27, after his last stimulation, get terrific aid, you are 
thinking about it, attention the pressure the finger exerting the board.” 

Subject said: may correlation with what you are touching under- 
neath. think this was specially true the 

Subject 41, when stimulated position (4) replied: the right side 
When asked why had changed his diagnosis, replied: lifting great 
toe and second toe sensation coolness (from air coming through the open 
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window) and thought the coolness the second toe was the same position the 
touch; this confirmed earlier suspicion.” 

the end his experiment subject volunteered that several times, the hand, 
had had general warning the position the impending stimulus, because 
had perceived the warmth the experimenter’s approaching hand. 

Subject said after his experiment: have athlete’s foot between the left fourth 
and fifth toes, and used have wart between the right thumb and index—they 


probably helped 


Movement 


(a) all the experiments the first two series, and half the 
experiments the third series, the subject was required keep his hand 
foot quite still relaxation throughout the stimulations: and all 
subjects after were asked also not press their fingers toes against 
the supporting board. None the less, fifteen out forty-eight subjects 
made movements. Among the observations and statements 


recorded, were these: 

Against subject 19’s results for recorded that times his fingers 
involuntarily tended press the board.” 

When was stimulated (3) LF—, diagnosed (5) then, after illicitly 
moving the toe, changed his diagnosis his experiment remarked: 
kept thinking—if only could move, could absolutely 

Subject 31, through the forgetfulness the experimenters, was not given the 
initial instruction about keeping still. After the very first stimulation, (3) 
she moved all the toes before giving diagnosis. Asked why she had moved 
them, she replied: find difficult keep toes still for long 
she moved her finger when stimulated position (8). Challenged, she 
said: think move hand bit because 

When subject was stimulated (5) RH—, she diagnosed (3), then moved 
her finger(s), then changed her diagnosis (5). 

half the experiments the third series the subjects were 
requested move their digits before making their diagnoses. these 
experiments which movement was for, every subject generally 
moved the thumb finger big toe that had been touched, although 
case had subject ever been asked confine his movement the 
digit touched. These three comments were made, among others: 


When was pointed out subject that every time was stimulated 
moved first the digit that had just been touched, said: became aware 
that myself. wasn’t doing deliberately—it was more like 

When subject was stimulated was noted specifically that, every 
position except (7), moved only the digit that had just been touched. That was 
true even the last stimulation, (5), for which his first diagnosis was (7); after 
havering and moving his finger quite lot plumped for the correct answer (5), but 
could not tell why. 

Subject moved each digit individually every LH+. the 
end remarked: great difficulty keeping right foot still. Particularly 
tickly the middle toes—I wanted wiggle 


(b) has seemed probable that all subjects there 
automatic tendency the movement any digit that touched; 
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this agree with Féré (1896), Sherrington (1900) and Hulin (1935). 
Head and Holmes (1911, 138) reported irregular movements” 
that occurred patients with thalamic lesions, when they tried 
demonstrate tactile thresholds. (1895) and others have empha- 
sized the importance movement for tactile localization normal 
subjects, though Spearman (1906) considered unimportant. Reinhold 
(1955) has shown the importance movement patients with cerebral 
lesions. Such movement may seen exaggerated form blind 
persons muscular twitchings, Tastzuckungen (Goldstein and Gelb, 
movements are course entirely outside the 
artificially imposed limitations this formal experiment, because any 
movement causes further stimulation the digit and thus excites more 
sensations. The latter may then help the localizing the original 
stimulus, particularly when (as observed often) only one digit 
moves: three specific examples have just been given cases which 
wrong diagnosis was corrected immediately after movement, licit 
illicit, the stimulated digit. may call mind the fact that tactile 
acuity greatest the parts the upper limb that are most mobile 
(the “law mobility” Vierordt, 1870). 

(c) The results our third series experiments (subjects are 
the only ones that permit numerical comparison localization-with- 
number errors made with each digit all sixteen subjects together. 
far the most errors were made with the three middle toes, which have 
independent mobility; the next largest number errors was made 
with the fifth toe, which has only slight independent mobility. Direct 
ment shows, for six out seven the mobile digits, greater number 
errors when movement permitted (and errors all were made 
with the index fingers); but the total numbers are too small have any 
statistical significance. 

TABLE NUMBER ERRORS MADE SIXTEEN SUBJECTS 
Middle Ring Little 
Thumb Index finger finger finger 


Vision 


Nine subjects afforded evidence that looking their hand foot, 
looking diagram the hand foot, increased their ability 
localize tactile stimuli. For instance: 
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Subject said, the early part his experiment, with vision: con- 
tinued sensation where the stimulation was. feel though can point it, when 
see the limb.” 

When subject was stimulated (3) diagnosed correctly, and 
then added: would have said (5), but when looked the foot saw was 

Subject 24, the course stimulations said: feel I’m changing 
mind when can look foot.” 

the end her experiment, subject volunteered: was surprised find how 
much easier was tell, when looked Questioned about her hands, 
she said: the hands don’t think made much then said: 
the foot could sense the position the stimulus but didn’t know which toe was 
there until looked, when could see which toe was the position where could 

This observation (which had been the starting point our research) 
not new one: was reported several authors from Volkmann (1844) 
Henri (1895) and Parrish (1897), and again Reinhold (1955). 
Sherrington (1900), however, considered this visual factor little 
importance. 

would perhaps better call this the ocular factor, since there 
important muscular component, which can demonstrated 
very simple experiment: 

Shut your eyes. Ask someone touch exposed part the body. With eyes 
still shut, direct your head and eyes towards the spot you suppose have been 
touched. This position head and eyes whereas any other position 
them open your eyes and you will find that your gaze 
directed fairly accurately towards the spot that has been touched. 

This observation also old one: Henri (1895) mentioned tactile 
localization this means, and Helmholtz (1896) described similar 
experiment, which directed his head and closed eyes towards the 
tip his index finger; found, when opened his eyes, that his gaze 
was more accurately focused upon the finger-tip had previously 
touched and rubbed the tip with the thumb the same side. would 
difficult, without elaborate separate the muscular 
and the strictly visual components this ocular factor. 


Side 

(a) There was much evidence that subject nearly always knew 
intuitively (or supposed that knew) which side other part digit 
had been touched, whilst yet experiencing difficulty deciding which 
digit had been touched. Three subjects made general statements 
this effect, e.g. 

Subject said: seem able tell easily which side the toe, but guess 

rather wildly which toe.” 
There were many instances which subject correctly diagnosed the 
side the digit (left right) that had been stimulated, but could not 
make his mind which digit had been touched: his alternative suggestions 
included the correct answer. 
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When subject was stimulated position (4) LH—, diagnosed (6) but later 
changed (4). His comments are instructive: after-effect the touch was 
still there and thought could feel where you had touched it. First thought was 
there and then thought about again and knew was there Again, 
when stimulated (1) LF—, diagnosed (3) and then (1), saying: 
seems (3), but the after-effect indicates 

Subject 18, the course some additional experiments (the results which are 
not included our statistics) was stimulated (8). diagnosed (10) and then (8), 
adding: not sure, but know was the outer side one those toes.” 

Subject 39, when stimulated (3) expressed doubts between (3) and (5) 
before giving the correct answer. Again, when stimulated (5) LF+, 
muttered himself before giving the answer 

When was stimulated position (4) gave first the answer (6), which 
was recorded, and then the correct answer. His words are worth reporting: “It’s 
the right side middle toe... wasn’t... was the right side the 
Second 

Subject 46, when stimulated position (10) first gave the correct 
diagnosis and then apologized for wishing change (8). 

There were also several cases which there was similar dilemma but 
neither the answers proposed was the correct one. 

Subject 35, when stimulated position (5) first said finger 
but later changed fourth left.” 

When was stimulated position (6) diagnosed: 
whether third fourth toe, definitely 

When subject was stimulated position (7) answered: was 
the lateral side the third not sure third fourth.” 


each these types (those which the correct 
position was one the alternatives, and those which was not) the 
subject invariably had only one sensation; his dilemma was about the 
position this one sensation. The should therefore 
contrasted with the which there were sensations 
and the dilemma was choose the sensation, each the 
positions being known. The digit-dilemma has been very clearly 
described Henri (1895, 186). 

(b) There were 118 instances which the subject correctly diagnosed 
the side upon which digit had been touched, but named indicated 
the wrong digit. 

With the hands, there were occasions which there was single digit-error, 
the finger that was named being one those immediately adjacent the finger 
touched: cases the wrong reference was ulnarward, and cases radialward. 
one occasion only, double digit-error was made the hand, position (7) being 
diagnosed (3). 

With the feet there were instances the single digit-error, only these 
wrong references being towards the medial side the foot. There were also, with 
the feet, instances double digit-error, four the wrong references being towards 
the lateral side the foot; there were three from position (4) position (8), one 
from (3) (7), and one from (7) (3). 


There were subjects who, spite denials, insisted that had 
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touched them the mid-line digit. sensations were 
most commonly elicited from positions (4), (5) and (6). 


(c) most significant that this large number cases error, 
dilemma which there was only one sensation, the subject always 
said most definitely that knew, fairly precisely, which part digit 
had been touched. Against all these examples certainty can 
set only very few examples doubt which part digit had been 
touched: 

When was stimulated (2) LH—, her diagnosis was: say 
which Again, when touched (3) LF-+, her response was: have 
idea, which side the second 

When was stimulated position (6) she replied: 
don’t know where was.” 

There were also very few instances more general doubt, due 
confused perceptions the centrally placed toes; these will reported 
the next section. There thus evidence that the overwhelming 
majority cases SIDE known intuitively and not matter for 
judgement reasoning. 

Digit 

Enough has been stated already show that DIGIT, the contrary, 
very much matter for judgment, reasoning, guessing. How did the 
subjects say that they set about reaching decision? 

(a) Several subjects said that they first eliminated from consideration 
the toes that are well known, estimated the nearness the test-site 
one the well-known toes: 

said: and pure guesswork: knew elimination that they were not 

said: and were easy, fairly easy: then and were related the 
others.” 

noted that decision for the three middle toes was estimate based 
how far across the sensation felt from one other the two outer 

said: fourth toe identified near the fifth, and the second near the 
big toe. The middle toe half-way between those two.” 

One subject, 16, said that the touch not much particular 
toe, nearer less near the mid-line the foot,” and that 
the distance from that take this variant 
the same method, because the mid-line itself estimated from the 
positions the well-known toes the borders the foot. 

Such well-known parts the body, used points reference, were 
termed Anhaltspunkte Lewy (1895). 


(b) Five subjects told that they were helped relating the current 
sensation the remembered positions previous ones: 
said: think that’s near where the other one was.” 
said: succession stimuli important. One isolated stimulus the 
middle much harder locate.” 
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said: not quite sure the toes, you can sometimes tell relation 
the previous stimulus, left 


(c) The identification the finger toe that has been touched 
probably made easier simultaneous sensations the same digit 


nearby one: 

Subject 13, when stimulated (6) pointed (7) and touched himself 
mistake. said: had touched that [i.e. (7)] with pointer, knew 
that you had really touched that [i.e. (6)].” 

When subject was stimulated (6) she was seen move the finger. 
Challenged, she agreed that she had moved it; and when asked why, she replied: 
“Because helps—you can tell where the feeling 


Six subjects told that the differentiation one digit from 
another much easier when movement allowed, e.g. 

Subject said: helped decide which finger was which—and, 
but not well, the 

Subject said: didn’t help much with the toes, because when moved 
toe the others moved well. With the fingers, moving could find out 

Subject said: “‘I felt sometimes that had been able move third and 
fourth toes separately could have got better differential appreciation you can 
move your fingers separately and get better differential aspect 

(e) Thirteen subjects gave evidence visualization the digits 
when they were trying identify the stimulated one. For instance: 

Subject said that his method included visualize the hand.” 

After experiments LF—, subject said that the foot count 
the and that diagram made easier.” 

Subject said: was very much more difficult when you couldn’t see. You can 
feel something have see picture the foot and fit the feeling 

Subject said that with difficult toes thought-process went which 

Subject 38, when contrasting his methods for hand and foot, said: have 
imagine diagram the foot.” 

Subject said: picture the hand mind’s eye, fingers with 
numbers 


This conceptual visual factor tactile localization was investigated 
several workers late last century (Henri, 1895; Pillsbury, 1895; Parrish, 
1897), and was also emphasized Goldstein and Gelb (1919) and 
Schilder (1935). 

Five subjects gave evidence that, difficult positions, the digits 
have counted before the one that has been touched can named, e.g. 


Subject said, answer question during his experiment LF—: 
up; count from the big toe little toe inwards.” 

When was asked about finger-jerk that noticed, replied: was 
counting.” 

Subject said: from the fifth count untouched toes and then arrive 
the touched possible count along your mind’s eye, 


phenomenon that would gravely affect the accuracy such counting 
was described Subject (reported above) and four others: 
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Subject said: and seem act group corresponding any one 
finger toe toe 5.” 
Subject said: the fingers was certain every time. the toes was more 
certain region—big toe side, little toe side, the middle.” 
Subject said: seem feel that third and fourth toes constitute one toe.” 
Subject said: and again had difficulty with the third and fourth toes, 
which feel like one big 
(g) One other method was mentioned, one subject only. 
When had had the his stimulations RF— (it was position (1)), 
said: knew that one before you did it—by elimination.” 
This method would have had something recommend it, all the 
previous responses had been correct. But fact the subject had 
diagnosed position (4) twice and position (6) three times. Hence with 
only one stimulus still come had (according his own diagnoses) 
not yet been stimulated (1), (3), (8) significance that 
the medial side the big toe was the only one these four positions 
that was particularly aware not having had stimulated. 


Oral Responses 


half our experiments the response had made verbally, the 
digit being named numbered terms the subject’s own choosing. 
Five subjects gave evidence that the describing the position that has 
been touched quite separate process from the actual localization, e.g. 

Subject said: “‘The finger toe identified first: giving the correct name 


separate operation.” 

Subject said: the hand knew the position immediately, but took 
little time describe words.” 

When subject had been stimulated noted: every case the mode 
response was: (a) Individual twitching the digit touched; Naming the 
finger touched; (c) Naming the side that had been touched. The timing, and the 
appearance the man worked out the answers, suggested that was 
easy, but description good deal more This man was laboratory 
assistant, intelligent but not articulate. 


DISCUSSION 

The view that “the local sign intrinsically spatial, 
indicating position once without was held Hering and 
others. This opinion still survives almost unaltered, for instance the 
suggestion Schiller (1956) that the sole function for 
which there any specificity sensory receptors and peripheral nervous 
pathways. Mountcastle and Powell (1959) have indeed shown that 
the macaque each patch skin specific group neurons 
the post-central gyrus; but they recognize that the activation these 

neurons only beginning: 
inkling yet forthcoming from studies upon the cerebral cortex concerning 


that necessary cortical mechanism for recording and interpreting this picture the 
peripheral state affairs, that is, the neural process interpolated between these 
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primary and simple cortical events set impinging peripheral stimulus, 

and the percept evoked 

Our observations, however, lead think that tactile localization 
may depend part upon the learned correlation the tactile sensation 
evoked the stimulus, with other, concurrent sensations evoked from 
that digit and other digits and from sense-organs other parts the 
body, was believed Wundt (1911) and others (Boring, 1942, 
pp. 233 

Our evidence has come particularly from experiments that yielded 
many errors. When easy positions are stimulated the response usually 
rapid and correct; the position the touch, and the name the position, 
are known immediately, intuitively, and the response quick and 
automatic that neither the subject nor the experimenter can make any 
useful observations upon the processes involved. these respects 
tactile localization may compared with any other sensorimotor skill. 
But the difficult positions the subject must necessity pay particular 
attention his sensations, and think before responding. our 
experiments the toes have proved especially fruitful. 

Similarly, some the subjects were more informative than others. 
This was specially clear respect the conceptual visual factor. 
the end most experiments, after eliciting much spontaneous 
information possible, asked the subjects point-blank they had 
visualized their digits any way. Some then agreed that they had done 
so; and some denied it, even strenuously. Some others could not 
induced give any helpful answer. was clear that this 
matter, others, individuals vary much their capacity for intro- 
spection. therefore think likely that the statements about the 
importance the conceptual visual factor, though made spontaneously 
only the subjects, fact apply the majority. Much 
the same may have been true about conceptual proprioceptive factor, 
but this found very much harder investigate. 


Factors Tactile Localization 

From study difficult cases, especially, clear that many factors 
enter into tactile localization. The subject correlates (i) such sensations 
and perceptions are available; (ii) any other sensations and perceptions 
that can obtained—as (iii) tactile memory-images; 
(iv) visual images the digits; and (v) abstract ideas, such the 
knowledge that has five digits each limb. 

Adventitious sensations, both tactile and have many 
times been demonstrated stated importance, especially the 
proprioceptive and visual ones. Some these adventitious sensations 
impossible eliminate—for instance those that are due the 
contact the limb with its supporting board. Others are elicited 
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spontaneous movements the digits, such often observed. Others 
again are ocular, both visual and proprioceptive: the impossibility 
seeing one’s own back may help account for the gross errors 
localization found there. Thus tactile localization localization not 
purely tactile space but what Sherrington (1939) has called 
workaday space,” “that combined space-system composed 
so-called spatial senses—e.g. vision, touch, muscular and labyrinthine 
Similar statements have been made Piéron (1952) and 
Critchley (1953, 411). 

This correlating the tactile sensation evoked the stimulus with 
other sensations, perceptions, and on, that necessary for correct 
localization, involves the perceiving and imagining not only the digit 
that has been touched but also the neighbouring digits and even 
other parts the body. Both the errors and the statements made 
our experiments have made abundantly clear that the identification 
the digit that has been its differentiation from its neigh- 
bours—is the real problem difficult cases. The importance 
regarding the body whole, when studying tactile localization, has 
been emphasized Head and Holmes (1911), Schilder (1935, 23), 
Brain (1950) and Gooddy and Reinhold (1954). 

The frequent occurrence spontaneous movements the digits; the 
fact that such movement often confined the digit touched, and 
helps greatly with the differentiation the digits; the ability localize 
touch pointing with finger the free hand; and the ability 
localize all these lead think that might true 
say, with more than one signification, that touches only have point 
respect the movement motor adjustment that they are associated 
with. 

Levels Performance 

Thus the subject, his own account it, assembles all the knowledge 
that can muster, both the digit that has been touched and its 
neighbours. The level accuracy attained will determined the 
degree knowledge available; and convenient distinguish three 
levels performance. 

(a) the highest level the position the touch and the name the 
position are known immediately, intuitively. 

(b) the middle level the subject has consider carefully, and 
pay particular attention the (possibly rather vague) background 
sensations; able say himself one digit, and this 
another,” and then count these perceptions, count the visual 
images, which calling fingers toes. 

(c) the lowest level, the background vague deficient that 
the outlines some toes are blurred (two three toes then being felt 
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one) absent (so that one toe Then indeed the 
newly-evoked touch perceived vacuo nearly so, and can only 
said somewhere between the big toe and the little toe. The subject 
then tries estimate the distance from each these, remembering that 
has five toes all and remembering, perhaps mainly visually, how 
much space each them normally occupies. 

This subjective and qualitative appraisal corresponds the quantitative 
one based analysis errors (Table 681). the errors 
summed, digit digit, then the digits can placed “order merit” 
determined the numbers errors made the subjects collectively, 
follows: thumb (4), index (6), little (fifth) finger (8); toe (18), ring 
finger (21), middle finger (23), little (fifth) toe (30); fourth toe (82), second 
toe (109), third toe (126). This order calls mind the remark 
subject 20: 

“Toes and are easy the fingers. Toes and seem act group 

corresponding any one finger toe toe 5.” 

are right, and tactile localization indeed complex process involv- 
ing several modalities and also past experience, this merit” 
the digits has significance beyond the mere performing 
experimental trick. 


Mistakes 


Three the subjects tested Elithorn al. (1953) were psychiatric 
patients: this may help account for the larger number errors their 
series. But the problem remains, why are any mistakes all made 
healthy, normal subjects? 

General have argued that the ability localize 
touches dependent upon the acquisition adequate knowledge 
the digits: this presupposes adequate neural equipment, sensory and 
motor, and both experience and continued practice. should there- 
fore expect more mistakes made the foot, which has much 
poorer motor apparatus and used much less than the hand. 


(b) Mistakes are more likely made the subject under stress. 
The subjects tested Elithorn (1953) knew that their reaction 
times were being measured, whereas our subjects (who made fewer 
mistakes) were asked avoid wasting time but yet make unhurried 
decisions. 

(c) Passing reference has been made, our subjects’ comments, 
the possibility that one can right “intuition” and then muddled 
and probably wrong one tries work the problem out. 

Subject said: hands—well I’m just used using them. Snap judgment 
probably better. I’m not accustomed stopping and thinking ordinary life: 


you do, something may wrong. have more practical approach than 
theoretical—I learn doing things.” 


a! 
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Subject said: you get immediate impression where is, and 
then you think about look and aren’t sure Her response stimu- 
lation (6) was: thought was the third straight away: then 
looked and was doubtful whether was the third the fourth.” 

Probably tactile localization, like any other sensorimotor skill, improves 
with practice and most accurate when not self-conscious (Bartlett, 1947). 


Special There evidence that prolonged and intense 
after-sensation may cause mistake “swamping” the sensation due 
the succeeding stimulation another position (Pillsbury, 1895): 

When subject was stimulated the second and third positions were (10) 


and (9), that order; both them diagnosed (10). 
When was stimulated LF— the fourth, fifth and sixth positions were (8), (6) 


and (5), which were diagnosed (8), (8) and (74), respectively. 

total 427 errors all the limbs together, the feet and 
the hands per cent) may have arisen this way. Nearly all wrong 
references this kind were made positions (5), (6), (7) and (8). 

think important realize how commonly such after-effects 
occur normal subjects and how persistent they may be, when attributing 
tactile perseveration cerebral lesion (Head and Holmes, 1911; 
Elithorn, Piercy and Crosskey, 1952; Critchley, 1953, pp. 90-1). 

Our subject said: After bit you get quite itch over the whole foot—a 


feeling continued excitation awareness.” 

Subject said, shortly before the end his experiment: got continuous 
sensation touch nearly all and whilst this statement was being written 
down made another diagnosis, although had not been touched again. 


(ii) There was evidence several times our experiments that the 
irradiation tactile sensation from the side one digit the side 
the digit adjacent across cleft was the cause dilemma. 
seemed probable that similar irradiation was the cause many 
another dilemma mistaken diagnosis, although explicit evidence 
from the subjects was lacking. For example: 

When subject was stimulated successively positions (7) and (6) RH—, 


diagnosed (6) and (7) respectively. 
When subject was stimulated successively (8) and (9) LF—, diagnosed 


(9) and (8) respectively. 

There were eight other instances which similar 
occurred, though not successive stimulations. The clefts involved 
were (6)/(7) four times, and (4)/(5) and (8)/(9) twice each. 

have considered possible peripheral mechanism for this irradiation 
tactile sensations round the interdigital clefts. both hand and foot 
the skin interdigital cleft and the adjacent sides the digits 
that border the cleft supplied two dorsal digital nerves derived from 
stem. possible that when the common stem bifurcates 
there not merely segregation nerve-fibres into two groups but, 
some cases, bifurcation individual axons: such axonal branching 
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now known occur many sites (Sunderland and Lavarack, 1953). 
the absence anatomical proof this remains mere hypothesis; but 
there one striking piece circumstantial evidence. axonal 
branching does occur the nerves that innervate the hands and feet, 
must surely entirely intrasegmental: the two more branches 
one particular axon must all terminate one and the same dermatome. 
should therefore expect irradiation false reference occur 
commonly within the boundaries single dermatome but rarely across 
boundary between two dermatomes. fig. shown the total 


Fic. 3.—This figure shows the total number wrong references across the mid-line 
each digit cleft the hand: the numbers for left and right hands have been added 
together, and distinction has been made between ulnarward and radialward dis- 
placements. For example, there were wrong references from one the positions 
(1) (5) inclusive, one the positions (6) (10) inclusive, vice versa. 


number wrong references across the mid-line each digit cleft 
the hand; the numbers for left and right hands have been added 
together, and distinction has been made between ulnarward and 
radialward displacements. The easily crossed were those 
between positions (5) and (6), (6) and (7), and (7) and (8); other barriers 
were much less frequently crossed. But, according Head and 
Campbell (1900), positions (5), (6), (7) and (8) are all within the eighth 
cervical dermatome, positions (1) (4) being within the seventh cervical 
dermatome and positions (9) and (10) within the first thoracic. Similarly, 
fig. are given the total numbers wrong references across the 
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Fic. 4.—This figure shows the total number wrong references across the mid-line 
each digit cleft the foot: the numbers for left and right feet have been added 
together, and distinction has been made between tibial and fibular displacements. 
All the easily-crossed barriers, the six that lie between position (3) and position (9) 
are—according Foerster (1933)—within the fifth lumbar dermatome. 


various barriers the foot. striking fact that all the easily 
crossed barriers, the six that lie between positions (3) and (9), are— 
according Foerster (1933)—within the fifth lumbar dermatome; 
whereas the barrier between great toe and second toe, crossed only 
eleven times, coincides with the boundary between the fourth and fifth 
lumbar dermatomes. Foerster places the boundary between the fifth 
lumbar and first sacral dermatomes close to, at, our position (10); 
this may account for the relatively small number wrong references 
across the mid-line the little toe. 

(iii) Subject remarked: seems very big gap—a lot 
wind—between the first and second and further 
experimentation have convinced that common for touch the 
second toe, even correctly localized, perceived though 
long way away from the big toe—in the mid-line the foot even 
the lateral half the foot. Thus touches all toes except the big 
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one feel though they are either the mid-line the foot definitely 
into the lateral half the foot; and consequence, for most subjects, 
the fibular border the foot the one from which count 
toes (fig. will then arise whenever toe faintly per- 


Fic. 5.—Diagrammatic representation the foot one may feel be. one’s 
eye, the second toe nearer the big toe (1) than the little toe (5): yet, when the 
second toe touched while one’s eyes are closed, the touch though equally 
distant from the big toe and the little toe even though nearer the little 
feels though there very large gap between the first and second toes. Several 
subjects also reported that the third and fourth toes, even the second, third and 
fourth toes, may “‘feel like one big 


ceived ignored counting, when two toes feel like one—as 
claimed four subjects. These mistakes numeration from the fibular 
border would cause the touch referred too far towards the fibular 
border. This agreement with the experimental results, for from 
positions (2), (3), (4), (5) and (6) there were all false references 
towards the little toe side the foot but mere towards the big toe side. 

(iv) one error made the counting, other errors may follow, 
because succeeding touches are often related the preceding ones. 
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There were cases (16 them the feet) which single error may 
have arisen this way, and cases (each the foot) which two 
successive errors may have arisen this way. But the most suggestive 
example was this, which there were four successive errors exactly 
the same sense and degree, the last three which may have been 
determined the first: 

When subject was stimulated his first six responses were 

follows 

Position stimulated: (10), (1), (5), (3), (4), (6). 

Position diagnosed: (10), (1), (7), (5), (6), (8). 

(v) After the subject has made his decision about the locus 
sensation touch, still has describe the locus words numbers, 
indicate it. From our subjects’ comments know that the 
naming the digit and similarly the indication 
the place touched also whether the indicating 
done the subject’s own limb diagram. therefore think 
possible that some cases the touch was correctly localized but its 
position incorrectly described (it would, for instance, easy make 
left-for-right medial-for-lateral slips the tongue), incorrectly 
pointed out the diagram, even incorrectly pointed out the limb 
itself; though the last these would less likely because the extra 
help given manual and ocular cues. conclude that some the 
errors recorded may well have been not errors localization but errors 
indication description. 

Clinical Testing 

When patients are asked describe indicate, any variety 
ways, the locus touch, one should bear mind that these methods 
vary much difficulty and are therefore likely yield differing results 
even the same patient. Our analysis leads think that the 
following list the practical tasks are order increasing difficulty: 

(a) Pointing the spot, and touching it, the easiest method. 

(b) Pointing the spot, but not touching it. 

Each the above easier with vision than without. 

(c) Pointing diagram model the exact former location the test-limb. 

(d) Pointing diagram model somewhere else. 

(e) Pointing the examiner’s hand (reversed). This the hardest all. 
the patient asked describe the position that has been touched, 
must remembered that describing separate operation.” 

most important bear mind that there liability errors 
subjects: this essential background clinical testing, 
whatever technique may adopted. The incidence errors will vary 
from digit digit (Table 681) well from patient patient. 
would emphasize that have recorded the performance healthy, 
willing young adults superior intelligence and skill—a performance 
that unlikely surpassed even equalled the ordinary patient, 


2 


XUM 


TACTILE LOCALIZATION 699 


even when has lesion. The clinician should not assess the patient’s 
capabilities his own. 


SUMMARY 


(1) Visual and proprioceptive factors tactile localization have been 
tested healthy young adults. 

(2) Older observations have been confirmed, (a) that tactile localization 
occurs not purely tactile space but “ordinary workaday space” 
which visual and proprioceptive elements are prominent; and that 
tactile localization involves reference not merely the digit that has 
been touched but that digit part its limb and indeed part 
the whole body. 

(3) the sub-mammals (Sperry, 1951) tactile localization matter 
stereotyped, inborn spinal and bulbar reflexes. But from analysis 
our experimental results, both objective and subjective, have 
argued that Man, whilst reflex movements may serve basis for 
rather crude localization, tactile localization its finer forms largely 
complex, acquired skill. 

(4) Errors tactile localization are inevitable. Their incidence 
varies according the method testing, and varies from person 
person; and the average incidence varies from digit digit. All 
these things should borne mind during clinical testing. 

(5) Several observations have been made, value the study 
the body-image. 
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SELECTIVE BLOCK SMALL FIBRES THE 
SPINAL ROOTS PHENOL 


(Physiology Department, University Edinburgh) 


PHENOL injected into the theca has recently been used clinically 
relieve chronic pain, particularly the pain caused cancer (Maher, 1957; 
Brown, 1958). The phenol dissolved (Glaxo) which 
bland iodinated lipoid low viscosity (ethyl iodophenylundecylate 
B.P.C.). The myodil, which opaque X-rays, allows the patient 
positioned that the solution lies over the nerve roots concerned with 
the pain. the myodil immiscible with the cerebrospinal fluid, the 
phenol must presumably diffuse from the myodil before effective. 
Used per cent solution this way, phenol may abolish pain but 
cause gross impairment cutaneous proprioceptive sensibility and 
give rise muscular weakness, may cause varying grades 
disablement. appeared interest therefore seek determine 
animal experiments the categories nerve fibre most susceptible the 
action phenol. Accordingly the experiments described this paper 
were done. brief account the results has been published and 
Walsh, 1959). 


METHOD 


Cats were anxsthetized with chloralose (80-100 mg./kg.) after induction with 
chloride and ether. The spinal cord was exposed removing the vertebral arches 
(L2-S1) and the dorsal roots identified. The rootlets strands from the rootlets 
were lifted silver electrodes required, after having been divided centrally. 
The phenol solutions were applied the rootlets some mm. peripheral the electrodes. 
some experiments the rootlet was passed over silver wire which was placed, 
the appropriate time the experiment, drop the phenol solution. Later the 
rootlet was placed groove ebonite plate either 1-1 cm. long. first 
natural stimuli were used and the activity the dorsal rootlets recorded before and 
after the application the blocking solution. Later instead natural stimuli single 
shocks were applied cutaneous muscular nerves and the compound action 
potentials observed (fig. 1). other times the shocks were delivered the dorsal 
rootlet whilst records were made the activity the peripheral nerve. This method 
was preferred because the application the blocking solution did not disturb 
recording conditions and the recording electrodes could covered throughout the 
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Fic. 1.—Arrangements for recording compound action potentials. indicates 
stimulus electrodes, condenser discharges were used; indicates recording electrodes; 
indicates region blocked phenol solution. 


experiment with liquid paraffin B.P. Altogether the effects phenol some 
rootlets, strands rootlets, were observed; cats were used. 


RESULTS 

Natural Stimuli 

Proprioceptive activity could readily identified when recording from 
fine strands sacral rootlets for the discharges depended upon the 
position the tail, increasing when was moved the opposite side. 
Cutaneous fibres could recognized their response when air was 
puffed the appropriate regions the skin when the fur was stroked 
(fig. 2). The cutaneous activity was more susceptible than the proprio- 
ceptive, far some proprioceptive activity could virtually always 
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puffs 


tail moved 


sec. 


tail moved 


120 


Fic. 2.—Natural stimuli, recording from part the root. Dots top indicate 
seconds. Top line, low amplitude activity over dark lines indicates puffs skin, 
whilst steady discharge proprioceptive. the second line the tail first moved 
the contralateral side and then ipsilaterally. The lower three traces are after the 
application 0-1 per cent phenol Ringer the times indicated. After seconds 
puffs were ineffective whilst proprioceptive activity continued. After seconds the 
tail was moved from the contralateral the ipsilateral, previously, and the 
proprioceptive activity was seen have changed little. 120 seconds the proprio- 
ceptive activity too had largely gone. 


detected when there was response puff. The rate which the 
nerve block developed depended upon the fineness the strands. With 
per cent phenol myodil one occasion the block was complete 
four seconds; only occasionally did any activity survive seven minutes 
application the solution. The action phenol dissolved Ringer 
was compared with the myodil solution; 0-5 per cent phenol Ringer 
seemed equivalent per cent phenol myodil far the 
speed action was concerned. one occasion 0-1 per cent Ringer 
failed block, whilst 0-5 per cent was effective when applied later the 
same preparation. Myodil alone was applied fine strand two 
occasions and blocking action was observed, even after prolonged 


exposure. 


Compound Action Potentials 
was not possible the use natural stimuli alone determine the 


categories fibre most susceptible the action phenol. particular 


PHENOL 
Ww i. 
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the susceptibility the unmyelinated fibres could not ascertained. 
For this reason compound action potentials were recorded before and 
after the application phenol (fig. 3). Simultaneous recording from 


PHENOL 


min. 


min. 


min. 


Fic. 3.—Dorsal root record, stimuli tibial nerve left (A) and sural nerve right (B). 
Records after the application per cent phenol myodil the times indicated. 
Note that the fastest the muscle afferent waves are the most resistant. (Retouched.) 


muscular and cutaneous nerves revealed that the muscle alpha wave 
was the most resistant. observations sensory fibres (sural and 
gastrocnemius-soleus) the slower fibres were the most susceptible 
the myelinated fibres observations. differential action was 
observed one occasion and the effect was uncertain one. The effect 
washing was tried once. After block caused 0-5 per cent phenol 
Ringer, washing gave good recovery two minutes; blocking occurred 
more rapidly when the phenol solution was applied for second time. 
Because the clinical action pain important ascertain the 
relative susceptibility fibres since the unmyelinated fibres are believed 
carry pain man (see Sweet, 1959, for recent review). 
interesting note that when stimuli were applied the periphery 
elevation could not with certainty identified the dorsal rootlet. 
reversing the procedure, stimulating centrally and recording from the 
periphery, the elevation was found (fig. 4). The reason for this difference 
was not with certainty ascertained but may noted that fibres are 
split into fine branches proximal the dorsal root ganglion (Gasser, 
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Phenol 


min. 


min. 


Fic. 4.—Compound action potentials sural nerve simultaneously recorded with 
fast sweep and low (left, and slow sweep and high gain (right, The 
fibre activity can seen bifid disturbance the records the right hand side. 
both sets records the slower components are seen the most susceptible. 
this experiment per cent phenol myodil was poured into the C.S.F. (Retouched.) 


1955). each the two experiments the fibres were more susceptible 
than the largest myelinated fibres. Some the later waves the 
compound action potential were blocked before all the wave was 
abolished. 

Observations were also made the effects stimulating the anterior 
roots whilst recording peripherally from nerves supplying the gastroc- 
nemius and soleus muscles: experiments were successful. two 
observations was seen that the efferents were more susceptible than 
the large motor fibres. two other experiments attention was directed 
the components the fast muscle fibres recording from the nerve 
supply the gastrocnemius and soleus muscles. The later notches were 
more susceptible than the first; these later notches were presumably 
contributed the motor axons red muscle (Eccles, Eccles and 
Lundberg, 1958). 


Frog Sciatic Nerve 
The interval between nodes Ranvier greater the larger the axon 
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diameter. Block conduction ensues only when more than one node 
has been attacked (Tasaki, 1953). follows therefore that phenol 
applied restricted region nerve might block the smaller myelinated 
fibres more effectively than the larger merely because more nodes were 
exposed. fibres too are likely less able pass impulses 
over short blocked zone than are myelinated fibres. seemed possible 
therefore that the differential effects which had been observed might have 
been due solely the application the blocking agent restricted 
length nerve. 

The use the frog’s sciatic nerve enabled this possibility explored 
for the solution could applied extended length (fig. 5). The 


Baseline 
PHENOL APPLIED 
20” 

90” 


PHENOL APPLIED 


15” 
30” 
WASH 
50” 
msec. 


Fic. action potential frog sciatic nerve showing action 0-1 per cent 
phenol Ringer and effect washing Ringer the times indicated. (Retouched.) 


sheath the nerve was slit open order the remove the sheath 
diffusion-barrier, and the nerve was exposed 0-1 per cent phenol 
Ringer over length mm., twice the distance presumed necessary 
from the work Tasaki (1953) urethane block. Within twenty seconds 
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reduction the later components was observed without any apparent 
change the rapidly-conducting component (fig. 5). Continued 
exposure led after several minutes progressive block the fast 
component. The effect the block was found reversible washing 
Ringer. repeating the experiment the differential effect was again 
observed. Thus even when long length nerve exposed the phenol 
the larger fibres are more resistant and presumably require higher 
concentration phenol block. The longer time required block the 
largest fibres may related the time taken for sufficient phenol 
diffuse into the nerve trunk. 


DISCUSSION 


The effect phenol applied the tongue per cent solution 
abolish quickly the sense taste and temperature and reduce the 
sense pressure and pain. Applied the skin per cent solution 
abolished temperature sensibility and itch; injected per cent 
solution block subcutaneous nerves phenol may abolish the temperature 
sense whilst the pressure sense only diminished (Goldscheider, 1898). 
These findings may explained the results the present work which 
shows that small fibres are more susceptible than large. 

The results patients suffering from cancer (Maher, 1957; Brown, 
1958) are not easy interpret because there may fewer nerve fibres 
involved the innervation the skin before phenol applied the 
roots. possible that the pain arising from fibres which have any 
case been severed from their peripheral connexions. Under these 
circumstances blockage the fibres concerned the pain would not 
expected alter cutaneous sensibility. 

These considerations not readily explain the relief pain patients 
who before treatment did not have detectable loss cutaneous sensibility 
tested clinically. Moreover the relief pain phenol, without 
affecting sensibility, can only achieved the careful selection 
concentration (Maher, 1957; Brown, 1958). have recorded the 
differential action both frog peripheral nerve and cat spinal roots. 
similar effects occur human nerve, reasonable ask whether 
present methods for investigating sensibility are adequate test the 
functional integrity the finest (C) cutaneous fibres some which 
now clear can excited mild mechanical and thermal stimuli (Iggo, 
1959). The results reported this paper show that blocking the spinal 
roots with phenol not sufficiently selective use distinguishing 
the respective contributions and fibres pain. 

The greater sensitivity the smaller myelinated fibres and resistance 
the larger fibres phenol together with recent work (1) the role 
y-efferent fibres the muscle spindle (see Granit, 1957) and (2) the 
innervation white and red muscles (Eccles 1958) can provide 
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satisfactory explanation for some the effects intrathecal phenol. 
Brown’s (1958) clinical investigation revealed apparently normal joint 
and position sense with unaffected voluntary motor power. There was, 
however, permanent absence deep and superficial reflexes and dis- 
turbance postural mechanisms. Block the efferent fibres the 
muscle spindles could seriously interfere with the stretch and postural 
reflexes (Matthews and Rushworth, 1957) even though the afferent 
fibres and the fibres the extra-fusal muscles were still functional. 
the motor fibres were also blocked the postural mechanisms 
would still further impaired even though voluntary contractions could 
still made using the motor fibres. 

The long-term effects phenol patients may depend upon the 
extent which the posterior root ganglion cells are destroyed. Nathan, 
Sears and Smith (1958) are engaged histological examination this 
problem but have not yet published their results. 


SUMMARY 
The action phenol “myodil” Ringer nerve conduction 
has been investigated. 
(1) Using natural stimuli proprioceptive fibres were more resistant 


than cutaneous fibres. 
(2) The later components the compound action potential were more 


susceptible than the earlier components. 
(3) The results are discussed relation the clinical use intrathecal 


phenol relieve pain. 
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THE DISTRIBUTION COPPER HUMAN BRAIN 


Department Chemical Pathology, Guy’s Hospital Medical School, 
and the National Hospital, Queen Square, London 


recent years there has been considerable interest the metabolism 
copper relation the central nervous system. The discovery 
increased amounts copper the brain Wilson’s disease, and the 
realization the importance copper deficiency enzootic ataxia and 
swayback, both which are demyelinating diseases lambs, have 
largely stimulated this interest. 


There have been several reports the levels copper human 
brain (Thudichum, 1884; Bodansky, 1921; Tingey, 1937; Eggleton, 1940; 
Glazebrook, 1945; Cumings, 1948; Okinaka, Yoshikawa, Mozai and 
Toyota, 1953; Cartwright, Hodges, Gubler, Mahoney, Daum, Wintrobe 
and Bean, 1954; Porter and Folch, 1957). Except for the results 
Tingey (1937) and Cumings (1948), the remaining reports have not 
dealt with more than few representative areas grey and white matter. 
Moreover, the values reported different workers have shown some 
striking variations. particular, divergencies have appeared con- 
nexion with the relative amounts copper grey and white matter. 
Thus, while Tingey (1937) and Cumings (1948) reported higher levels 
copper the grey matter than white, Cartwright al. (1954) and 
Porter and Folch (1957) have found very little difference between these 
tissues, particularly the cerebrum. 


view these limitations and divergencies seemed desirable 
therefore examine the copper levels larger number brains, and 
also wider series different areas the nervous system. 
Tingey (1937) had found strikingly high level copper the substantia 
nigra, have examined the basal ganglia some detail, and have also 
included among the areas the brain which have sampled the 
locus caeruleus, which have found consistently have even higher 
levels copper than the substantia nigra. 


EXPERIMENTAL 


Materials and Methods 


All reagents used this work, with the exception the ammonium citrate solution, 
were analytical reagent (A.R.) quality. The A.R. amyl alcohol was tested and 
found contain appreciable quantities copper. This was removed double 
distillation glass-jointed apparatus. the case the ammonium citrate, 
per cent aqueous solution was made up, and the copper present removed the 
addition per cent aqueous sodium diethyldithiocarbamate solution, followed 
extraction the copper complex with chloroform until the solvent layer remained 
colourless. 

All glassware used the experiments was borosilicate composition, and was 
cleaned regia” solution parts concentrated hydrochloric acid part 
concentrated nitric acid) overnight, and washed three times de-ionized water 
before use. 

The de-ionized water used for the cleaning glassware and all analytical work 
consisted glass distilled water which had been passed through mixed-bed ion- 
exchange column consisting equal parts ZeoKarb 225 the form and 
De-acidite the form. Water produced this way contained detectable 
copper. 


Preparation Tissues 


Tissues were obtained autopsy from cases which there had been clinical 
evidence nervous disorder, and case was any macroscopical abnormality 
visible the brain spinal cord. The tissues were not sectioned for microscopical 
examination. The brain and spinal cord were removed with the leptomeninges 
intact and transferred glass dish. The outer surface the brain was 
washed with de-ionized water, the excess water removed, and then the leptomeninges 
were stripped from the cortical areas examined, and small pieces cortex were 
dissected out with clean stainless steel instruments. The brain was then sectioned 
and small portions the deeper structures examined were removed. 

certain the areas sampled, such the cerebral cortex, corpus callosum, etc., the 
separation the grey and white matter presented little difficulty. other samples, 
however, there was inevitably mixture grey and white matter, e.g. globus pallidus, 
and the dentate nucleus the cerebellum. the latter the shell grey matter 
surrounds core white fibres and was impracticable separate the two. Similarly 
samples from the substantia nigra “he locus caeruleus, there was some admixture 
with white matter. All visible meningeal blood vessels were removed from the 
surface the cerebral cortex. 

determine whether the presence vessels within the samples was materially 
affecting our results, estimations were also made portions the middle cerebral 
and basilar arteries. 

Portions spinal cord (upper cervical) and sciatic nerve were dissected from 
surrounding tissue, washed free from adherent blood with water and the surface dried 
acid-washed filter-paper before estimation. 

The various samples were then placed small pieces clean weighed thin glass 
slides measuring about 2cm. These slides were made from strips large 
coverslips, one end which was bent gently heating flame that could 
easily handled with forceps. The wet weight each sample was first determined. 
Each sample was dried constant weight 120° clean labelled porcelain tiles, 
and, for determination water content, the initial wet weight the sample was also 
determined most experiments. 

Where possible, number samples (from were taken from each area 


= 
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under investigation any one brain, that although, for example, estimations 
frontal cortex were made different brains, all over estimations were made 
this area. 

brains were also made available through the kindness Dr. Polani. 
the smaller foetuses was impossible separate one part from another since the 
brain was semi-fluid consistency. these cases the whole brain was therefore 
removed from the dura and transferred dry weighed flask. the larger specimens 
was possible remove parts the cerebral hemispheres and the cerebellum 
whole. 


Copper Analysis 
The procedure used for the wet oxidation the tissues and for the subsequent 
estimation copper was based that Eden and Green (1940). 


The dried samples were placed into small ml. round-bottomed flasks fitted 
with B14 standard joint the neck. each flask was added 0-5 ml. concen- 
trated sulphuric acid. ml. per cent perchloric acid and then ml. concen- 
trated nitric acid. This mixture was heated very gently first until all frothing 
had subsided, and then more strongly until the contents the flasks were colourless. 
After cooling, ml. de-ionized water followed ml. per cent copper-free 
ammonium citrate solution were added. ml. 0-88 ammonia solution were 
then added slowly and the flasks agitated ensure complete mixing. The contents 
each flask were then made ml. with de-ionized water, and ml. 
per cent aqueous sodium diethyldithiocarbamate solution added very slowly with 
constant agitation. The yellow colour formed the .presence copper was 
extracted into ml. redistilled amyl alcohol shaking the stoppered flask for 
half minute. After separation the alcohol layer was transferred clean centri- 
fuge tube and centrifuged 3,000 r.p.m. for five minutes remove small water 
droplets. The colour density the alcohol extract was measured spectrophoto- 
metrically 458 using cells cm. path length. The results have been expressed 
terms copper/gramme dry wt. brain. 


RESULTS 

Brain 

The mean values for the copper content the different regions the 
brains which have studied, together with the range values found 
the different brains, are Table can seen that the mean 
value for each the various grey areas appreciably higher than that 
found the samples white matter. Owing the relatively small 
number observations many the individual regions examined 
have not attempted statistical examination the results for the 
various single areas. If, however, compare all the observations (77) 
the areas cerebral cortex with those (82) cerebral white matter 
mean white P<0-001). This point 
further brought out fig. which shows the individual values obtained 
all the samples the cerebral cortex, subjacent white matter and 
corpus callosum which have dissected from the brains. will 
seen that, among the 159 estimations carried out these samples (77 
grey and white) overlap occurs only cases, the lowest 


BRAIN—VOL. 


TABLE CONTENT DIFFERENT PARTS NORMAL 
BRAIN, SPINAL AND SCIATIC (Expressed 
pg. Cu/gramme dry weight) 


Region Range 
White matter: 
Parietal lobe 11-3 
Temporal lobe 14-0 
Corpus callosum 9-2 
Internal 13-2 10-5-14-9 
Grey matter: 
Parietal cortex 35-2 
Cerebellar cortex 33-5 
No. 
Sciatic nerve 2:2 4-4 
Blood vessels (basilar 
and middle cerebral 


values for grey matter being obtained estimations from samples 
the occipital cortex from the same brain. 

The substantia nigra and the dentate nucleus both show copper 
contents higher than those the other grey areas, while the level the 
locus caeruleus very much higher The thalamus, the other 
hand, shows levels that are consistently somewhat lower than those 
the other basal nuclei. the caudate nucleus, putamen and globus 
pallidus the mean copper level each case only slightly higher than 
the mean levels the various areas the cerebral cortex. 
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Blood Vessels 

The relatively low copper content found the basilar and middle 
cerebral arteries would seem indicate that the presence blood 
vessels not likely contribute significantly the differences the 
values that have found the various regions brain. 


Spinal Cord 

Estimations carried out samples upper cervical cord specimens) 
have the relatively low mean value 8-5 ug. copper/gramme dry weight. 
Sciatic Nerve 

The copper content this peripheral nerve appeared low. The 
mean level found from cases was 2:2 copper/gramme dry weight. 
Fetal Brain 

few estimations have been carried out brains, the results 
being shown Table II. Owing the high water content this 


TABLE CONTENT HUMAN BRAIN 
pg. wet weight 


Wt. Whole Frontal Parietal 
(grammes) brain lobe lobe Cerebellum 
300 0-59 0-35 0-91 
340 0-32 0-64 0-44 


tissue, was, for technical reasons, not possible each case obtain 
dry weights, and the results have therefore been expressed wet- 
weight basis. The copper content was low, less than ug./gramme wet 
weight. the 120 gramme value ug./gramme wet 
weight was obtained for the whole brain, which would seem higher 
than the levels the frontal parietal lobes from the heavier 
However, since few analyses have been carried out tissue 
hesitate draw any conclusions other than that the overall copper level 
low. brains from weighing 115 and 120 grammes 
respectively which the water content was measured, the mean value 
was per cent. The copper content estimated dry weight basis 
would therefore about for all the specimens 
examined. 
DISCUSSION 

study the literature does not reveal any similar survey the 
copper content various parts the normal human brain, and 
particular none the published reports have dealt with such wide 
variety structures. 

The results which have obtained appear consistent, and, 
view the relatively narrow range levels found the samples taken 


from the surface the cerebral cortex from any one brain, not appre- 
ciably affected extraneous copper contamination. Contamination 
the brain during removal might expected the most serious risk 
but would seem from our results that this has been avoided. 

The clear difference between grey and white matter not agreement 
with all the earlier reports. Indeed Cartwright a/. (1954) and 
Porter and Folch (1957) found marked difference. Porter and 
Folch’s (1957) results show total copper content 4-01 per gramme 
wet tissue human cerebral cortex and ug. per gramme wet tissue 
white matter. possible that their findings may explained 
part the manner which the samples cerebral cortex were obtained. 
their method, the brain was stripped its meninges under cold dis- 
tilled water, and possible that, remained this medium for 
some considerable time, appreciable quantities water would have been 
taken into the surface layers the brain, and that the wet weight 
their samples would abnormally high and the level copper found 
corresponding low. 

Cartwright (1954) found little difference between the cortex and 
white matter one normal human brain, but unfortunately gave 
details about the methods tissue preparation. Their values for other 
parts the brain examined are fair agreement with our findings. 

Other authors have reported difference between the copper contents 
grey and white matter, Tingey (1937) and Cumings (1948) giving 
values which show differences similar those have found. 
Cumings’s paper, the mean value for cerebral cortex mg. Cu/100 
grammes dry tissue dry tissue, compared with 
29-1 ug. Cu/gramme dry tissue our experiments) and 3-3 mg. Cu/100 
grammes dry tissue for cerebral white matter (i.e. ug. Cu/gramme dry 
tissue, compared with our mean ug. Cu/gramme dry tissue). 

will seen that all our mean values are lower than those found 
Cumings. These latter, however, cover wide range and there good 
deal overlap the values for the copper content grey and white 
matter (grey mg. Cu/100 grammes dry tissue and white matter 
mg. grammes dry tissue). 

our studies have demonstrated much clearer difference 
reference fig. will show. will seen that only individual 
samples grey matter from total showed levels copper within 
the ranges values found for cerebral white matter. Tingey’s observa- 
tions are very similar our own. examined samples from seven 
different parts the brain. 

was possible that this clear difference could have had some relatively 
simple explanation. That not due merely differences water 
content shown the figures Table III, which the mean values 
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TABLE THE COPPER CONTENTS GREY AND WHITE MATTER 

FRESH AND Dry BRAIN AND LIPID-FREE WEIGHT BASIS 
Copper concentration 

Water Lipid Fresh Dry Lipid-free 
content* tissue tissue dry tissue 

(g./100 (g./100 (ug. (ug. (ug. dry 

wet tissue) dry tissue) fat-free tissue) 


Cerebral white 


*Mean estimations. taken from Brante (1949). 
estimations. §Mean estimations. 


GREY (cortex) WHITE 


copper/gram dry tissue 


Fic. 1.—Copper levels grey and white matter the cerebral hemispheres and corpus 
callosum from brains (159 estimations) 


for copper content cortex and white matter are shown copper/ 
gramme wet tissue. 

also considered whether this difference could due merely 
differences the lipid content grey and white matter, particularly 
view Folch and Porter’s (1957) finding that the lipid extract from 
brain contains copper. agreement with this finding, have shown 
two experiments that the total lipid extract from both human grey 
and white matter contains only traces copper. Using the mean 
figures for the total lipid content grey and white matter from human 
brains given Brante (1949) have calculated the copper content 
cerebral cortex and white matter fat-free basis from the formula: 

ug. Copper/gramme dry fat-free 
where Cu=copper content dry tissue, and 
fat g./100 grammes dry tissue. 
Calculated this basis, the mean copper content white matter 
28-7 and cerebral cortex 44-7 ug./gramme (Table 

two parts the brain which examined found that the copper 
levels were remarkably high. These areas, the substantia nigra and the 
locus caeruleus, are both pigmented. Tingey (1937) reported similar 
excess copper the substantia nigra, but did not mention having 
examined the locus caeruleus. tempting associate this large amount 
copper with the presence melanin pigment, Tingey supposed. 
also pointed out that the substantia nigra brain, which 
states not pigmented, the level copper higher than the 
cerebral cortex. course known that copper-containing enzymes 
play important part the production melanin, and high con- 
centration copper pigmented area not therefore unexpected. 

hope examine further the possible enzymic activities these 
areas relation the levels copper present. 


SUMMARY 


(1) Estimations copper content have been carried out samples 
from different parts human brains, and also samples from the 
spinal cord and sciatic nerve. 

addition small number estimations have been carried out 
brains. 

(2) The copper content grey matter has been shown two three 
times higher than that white matter. 

(3) The substantia nigra and the locus caeruleus have been found 
particularly rich copper, their contents amounting respectively 
about five and twenty times that white matter. 

(4) The copper content foetal brain low. 

(5) has been calculated that the higher copper content grey matter 
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cannot explained being due the higher lipid content white 


matter. 
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ASCENDING AXON DEGENERATION FOLLOWING ANTERO- 
LATERAL CORDOTOMY. EXPERIMENTAL STUDY 
THE MONKEY 


Departments Neurophysiology and Neurosurgery 
Walter Reed Army Medical Center, Washington, D.C. 

know much less the sensory path. the spinal cord uncer- 
tain. The older theory (of Brown-Séquard), that sensation chiefly conducted 
the gray matter, not disproved, but there reason believe that some 
sensation conducted the fibres the lateral column front the pyramidal 
tract, and fibres the posterior columns. the medulla and pons the path 
probably passes the posterior half, above the perhaps chiefly the 


curious network fibres called ‘the reticular formation’. 
Gowers, 1885 
Diagnosis Diseases the Brain and Spinal Cord. 


the same year which Gowers wrote the prophetic statement quoted 
above, Bechterew the basis mylogenetic studies described two 
ascending fibre systems the anterolateral funiculus the spinal cord, 
two systems that were directly continuous into the reticular formation 
the brain-stem. These two pathways consisted medial 
bundle” the lateral funiculus and more lateral system rest 
the lateral funiculus,” exclusive the dorsal spinocerebellar tract 
Flechsig (text-fig. 1). 

The following year Gowers (1886) traced the more conspicuous 
these lateral funicular fibres into the cerebellum system distinct 
from those observed Flechsig 1876. Even though uncertain 
the polarity conduction, Gowers reported that the sensory path 
continued ascend beneath the corpora quadrigemina higher centres. 

Myelogenic studies Amphibia and newborn cats led Edinger (1889, 
1890) report that fibres, crossing the anterior grey commissure and 
ascending the anterolateral reached far rostrally 
the diencephalon. spino-bulbo-thalamicus” (1908) 
thus extended rostrally the spinal projection which Bechterew had traced 
bulbar levels. The first experimental confirmation Edinger’s 


1Present address: 315, Sherland Building, South Bend, Indiana. 
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crossed spinothalamic fibres appeared Mott’s (1895) investigations 
ascending spinal tracts the monkey. According Edinger (1904), 
Boyce 1897 concurred with similar experimental findings the dog. 
the same year von (1897) traced degenerating fibres into the 
external medullary lamina the diencephalon clinical case with 
extensive cervical spinal lesion. Like Gowers, von could not 
demonstrate “‘a direct these fibres into the thalamic 
nuclei and concluded that these fibres must terminate the hypothalamus 
along with those the medial lemniscus. 1898 both Quensel and 
Wersiloff identified the caudal region the externus 
the terminus the longest ascending spinal fibres man. the 
same year Rossolimo reported spinal fibres which termi- 
nated the putamen, while Choroschko (1909) described spinal fibres 
extending directly the cortex. Quensel’s and Wersiloff’s findings 
man, however, were substantially confirmed within the next decade 
Amabilino (1901), Henneberg (1901), Thiele and Horsley 
Dydynski (1903), Marburg (1903), Collier and Buzzard (1903), Rothmann 
(1906), Petrén (1910) and Goldstein (1910). During the same period 
only few confirmatory animal experiments appear the literature 
(Wallenberg, 1899, and Kohnstamm, the rabbit; Probst, 1902, 
cat; Rothmann, 1903, dog; Vogt, 1909, monkey). 1936, however, 
the extensive experiments Clark showed the existence topically 
organized system spinothalamic fibres. Clark’s findings 
monkey were soon confirmed and extended the chimpanzee (Walker, 
1937, 1938). 


Fic. 1.—Spinal after Bechterew. Ground bundles the 
anterior and lateral funiculi; the rest the lateral funiculus; lateral limiting fibre 
layer the ventral grey column; spinocerebellar systems; lateral corticospinal 
tract. 
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Kuru (1949), addition confirming classical spinothalamic con- 
nexions number clinical cordotomy cases, demonstrated 
extensive system fibres ascending through the medial region the 
bulbar reticular formation. These fibres Kuru identified the phylo- 
genetically older ventral spinothalamic tract and noted that the majority 
these fibres terminated the bulbar reticular formation. Comparable 
observations the monkey and cat Morin al. (1951) led the 
identification these fibres “‘spino-reticular tract,” term previously 
coined Batten and Holmes 1913. 

Current interest the bulbar reticular formation, renewed the 
neurophysiological concepts Moruzzi and Magoun (1949), was given 
further impetus subsequent anatomical confirmation spinoreticular 
systems. Employing recently modified silver impregnation techniques 
extensive spinal connexions with the lateral reticular nucleus were con- 
firmed Brodal (1949), while Bechterew’s profuse, fine fibred, medical 
spinoreticular connexions were experimentally demonstrated Johnson 
(1954). Johnson’s findings the cat were soon confirmed (Rossi and 
Brodal, 1957; Nauta and Kuypers, 1958) and extended the primates 
(Mehler, Feferman and Nauta, 1956) and man (Bowsher, 1957). Com- 
parable medial and lateral spinoreticular connexions, observed 
representative series experimental mammals (Mehler, 1957), have 
demonstrated the phyletic constancy the medial spinoreticular system, 
contrast phylogenetic increase the classical, long ascending 
pathways coursing more peripherally. 

view such contrasts and the current interest 
pathways, detailed report the relationship the phylogenetically 
older spinoreticular pathways the classical, neospinal pathways 
the monkey was initiated. 


MATERIALS AND METHODS 


Four young adult Macaca rhesus and Cynomologus monkeys comprised the 
material studied. Spinal cordotomy was performed cervical thoracic levels 
all the animals. Six cervical cordotomies were performed ranging from simple 
lateral funicular interruption complete anterior and lateral funicular destruction, 
with without involvement the contralateral anterior the five 
remaining cases middle upper thoracic cordotomies were performed, the results 
which varied extent from lateral funicular interruption complete hemisection. 
all the cordotomies some direct surgical and/or vascular involvement the spinal 
grey matter was encountered upon examination serial paraffin sections the 
segments. 

The animals were sacrificed nine twelve days post-operatively transcardial 
perfusion with isotonic saline and per cent formalin following lethal doses 
nembutal. The brains and spinal cords were stored per cent formalin for periods 
ranging from three months one year. 

The brains, with the exception one cervical case prepared the Swank- 
Davenport Marchi method, were stained the more current modifications the 
Nauta-Gygax (1954) selective silver impregnation technique following frozen serial 
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sectioning either the transverse, sagittal horizontal plane. all cases comple- 
mentary series either buffered thionin cresylecht violet, and Weil Sudan black 
were prepared serve controls. The selectively impregnated ascending degenerat- 
ing spinal fibres each case were microscopically charted enlarged photographs 
projection drawings the silver impregnated sections. 

The terminology used throughout the course this report based Olszewski 
(1952) atlas the thalamus Macaca mulatta and upon Olszewski and Baxter’s (1954) 
atlas the human brain-stem. 


OBSERVATIONS 


order avoid unnecessary repetition only one representative case 
high cervical anterolateral cordotomy will described detail. 
Although some dorsal root damage occurred all cases, sometimes 
complicated slight involvement the dorsal funiculus, the resulting 
patterns degeneration the dorsal funicular nuclei will not dealt 
with detail. The findings the monkey essentially confirm and 
extend Liu’s (1956) findings the cat that the dorsal roots 
distribute profusely the nucleus cuneatus lateralis the form 
spiral oblique lamella. Supplementary observations from other cases 
contrasting confirming specific points will identified accordingly. 


Spino-bulbar Connexions 

Commencing levels just caudal the pyramidal decussation, 
ascending degenerating fibres passage are seen dispersed throughout 
the white matter the anterior and lateral funiculi. Excepting the 
medium-sized fibres the fasciculus anterolateralis superficialis, the 
dorsal funiculi and the non-degenerated zone the lateral cortical 
spinal tract, individual tracts can delineated the massive picture 
ascending degeneration. Dispersed the anterolateral region and 
reaching far medially the central grey column, numerous small and 
medium-sized degenerating fibres are seen interspersed among normal 
fibres. Transverse horizontal sections through this region show 
gradual decrease the most medial ascending degenerating fibres, 
decrease both number and general fibre calibre. the anterior 
funiculus degenerating fibres appear far medial the ventro- 
medial tip the anterior grey column. 


general, all these fibres, when followed cranially, show 
progressive dorso-lateral shift. all spinal levels rostral the lesion 
large numbers degenerating collaterals are seen coursing right 
angles from the ascending degenerating fibres. These collaterals 
infiltrate the anterior grey column the spinomedullary transition 
zone and terminate the nuclei retroambigualis and supraspinalis and 
locally the dorsal and ventral divisions the nucleus medulle 
oblongatae centralis. Thoracic cordotomy produces essentially the 
same degeneration pattern this level, but the density medially 


722 WILLIAM MEHLER, MARTIN FEFERMAN AND WALLE NAUTA 


ascending fibres and collaterals greatly reduced. The terminal 
degeneration areas, however, are more distinctly limited the nucleus 
retroambigualis and limited ventromedial area the subnucleus 
dorsalis, medullz oblongatae centralis. 

their rostral course the ascending fibres the anterolateral fasciculus, 
including the most anterior and medial fibres, are displaced dorsolaterally. 
This displacement appears caused first the decussating pyramidal 
tracts, then the initial formation the medial lemniscus, and finally 
the intervention the caudal pole the inferior olive. This dis- 
placement causes the majority the fibres the anterolateral fasciculus 
pass through the nucleus lateralis (text-fig. 2B). 
All the subdivisions this nucleus exhibit extremely profuse peri- 
cellular terminal degeneration. Medially, the pars ventralis the 
nucleus centralis some terminal degeneration seen 
well increasing numbers degenerating fibres and collaterals 
ascending obliquely dorsomedially through this nucleus and into the 
medial half its pars doraslis where some terminal degeneration seen. 
this level the displaced anterior funicular “ground 
sweep dorsomedially over the caudal the medial accessory olive. 
This subdivision the inferior exhibits profuse peri- 
cellular degeneration which, all other cases, limited its caudal 
one-third. Similar pericellular degeneration is, however, distributed 
throughout the lateral two-thirds the dorsal accessory olivary lamina 
all cases. (Plate fig. 7). 

the level appearance the dorsal accessory olive (text-fig. 2c) the 
majority degenerating fibres the apex the fasciculus antero- 
lateralis ascend dorsal the inferior olivary complex. the monkey 
the nucleus gigantocellularis appears almost concurrently with the 
dorsal olivary lamina, and this nucleus numerous degenerating terminal 
axons, forming conspicuous peridendritic plexuses, are found (Plate CIX, 
fig. 8). The medial ascending fibres and collaterals continue rostrally 
dorsomedial direction zone occupying the whole ventromedial 
half the medullary tegmentum. Medially, clusters profuse terminal 
degeneration often outline groups cells the nucleus interfascicularis 
hypoglossi and the more orally situated nucleus Roller. 

the thoracic cordotomy cases evidence suggestive some topical 
order the distribution ascending spinal pathways was noted the 
nucleus lateralis. these cases profuse terminal 
degeneration was confined the caudal and ventrolateral parts this 
nucleus and absent its rostral, subtrigeminal division. Terminal 
degeneration could not demonstrated Roller’s nucleus following 
thoracic cordotomy. The nuclei interfascicularis hypoglossi and giganto- 
cellularis, however, exhibited terminal degeneration which differed only 
density from that observed cases high cervical cordotomy. 
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Sections levels just rostral the inferior olive pass through the 
lateralis and dorsalis, and through the 
more medially situated gigantocellularis, pars oralis and raphe pallidus 
subdivision the substantia reticularis grisea, all which receive 
ascending spinal fibres their collaterals. The pronounced medial 
trend the spinoreticular fibres best seen this level and levels 
rostral far the oral pole the facial nucleus. Dense terminal 
degeneration confined the nucleus gigantocellularis and the pars 
lateralis the nucleus paragigantocellularis, while the pars dorsalis 
the latter nucleus and the nucleus raphe pallidus only minimal 
terminal degeneration encountered. 

the thoracic cordotomy cases, little any degeneration was found 
the pars dorsalis the nucleus paragigantocellularis, while degenera- 
tion the pars lateralis and the nucleus raphe pallidus was significantly 
reduced. contrast, the density terminal degeneration seen the 
medial, gigantocellular reticular was only moderately decreased 
such cases. 

Decussation ascending spinal fibres rarely observed sections 
through the caudal half the medulla oblongata. Rostral the 
inferior olive, however, significant number degenerating fibres can 
followed the opposite side, some traversing the nucleus raphe 
pallidus and other, more numerous fibres, crossing through the bilater- 
ally fused pars oralis the gigantocellular nucleus. date have 
not been able determine satisfactorily whether these decussating 
fibres merely terminate the contralateral pars oralis join ascending 
spinoreticular fibres the opposite side their course rostralwards. 

Rostral the oral pole the inferior olive lies the facial nucleus. 
such position interposed directly the path the fasciculus 
which, even normal Weil preparations, appears divide into medial 
and lateral components. silver preparations through this level such 
division discernible the appearance concentrations degenerat- 
ing fibres both sides the ventral aspect the nucleus (text-fig. 2B). 
Significant terminal degeneration ascending spinal fibres observed 
the facial nuclear complex only following cervical cordotomy and 
confined the medial, ventromedial and intermediate subdivisions 
the facial nucleus. 

dorsolateral shift the remaining medial spinoreticular fascicles 
appears the level the rootlets the abducens nerve. These 
fascicles are concentrated this level zone running dorsomedially 
from the superior olivary complex the rootlets the abducens nerve. 
This zone encompasses the nucleus ventralis and that 
portion the nucleus pontis centralis caudalis which lies lateral the 
abducens rootlets. Terminal degeneration only moderately dense 
the latter nucleus even high cervical cases, and almost absent 
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KEY LETTERING 


anterior ventralis 

Brachium conjunctivum 

Brachium colliculi inferioris 

colliculi inferioris 

centralis lateralis 

centrum medianum 

oblongata centralis, 
subnucleus dorsalis 

centralis superior, subnucleus 
medialis 

oblongata centralis, 
subnucleus ventralis 

locus coeruleus 

Cerebral peduncle 

Corpus restiforme 

centralis superior lateralis 

cuneatus 

cuneatus lateralis 


Decussation the brachium 
conjunctivum 

inferior accessorius 
dorsalis 

Pyramidal decussation 


gracilis 

gigantocellularis 

gigantocellularis, pars oralis 
geniculatus lateralis 

geniculatus medialis 

Globus pallidus 


Forel’s field 
field 
field 
Habenula 


Nucleus interfascicularis hypo- 
glossi 


lateralis dorsalis 

lateralis posterior 

Lateral reticular 

vestibularis lateralis 

medialis dorsalis, pars denso- 
cellularis 

pars magnocellularis 

pars multiformis 

pars parvocellularis 

Medial lemniscus 

olivaris inferior accessorius 

medialis 


nervi trigemini motorius 

vestibularis medialis 

caudatus 

dentatus 

tractus spinalis trigemini 

trapezoidalis 

superior 

Brachium pontis 

paraventricularis 

Commissura posterior 

parvocellularis 

paracentralis 

parafascicularis 

paragigantocellularis lateralis 

pontis centralis caudalis 

pontis centralis oralis 

papillioformis 

Processus griseum pontis supra- 
lemniscalis 


58 


Processus tegmentosus lateralis 


(Ptl, fig. 

prepositus hypoglossi 

principalis 

Regio pretectalis 

Pulvinar thalami 


reticularis thalami 
Roller’s nucleus 


subnucleus dors- 
alis 

subnucleus ven- 
tralis 

nigre 

tractus solitarii 

subthalamicus 

Corpus trapezoidalis 

Tractus nervi trigemini spinalis 


Nervus trigeminus 

ventralis anterior 

Ventral grey column 

ventralis lateralis 

lemnisci lateralis ventralis 
ventralis posterior inferior 
ventralis posterior lateralis 
ventralis posterior medialis 


Zona incerta 


BCi 
NSpV 
Cnd 
Cns 
Cnv 
Coe 
Pgl 
Po.c. 
Csl Po.o. 
PpL 
Cul Pro.sl. 
DBC 
Prp 
PrV 
DPy 
Pul 
Sc.d. 
Sol 
TSpV 
MDdc 
MDmf VPL 
MDpv 
VPM 
mOi 
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Fic. 2.—Spinobulbar distribution ascending fibre degeneration following antero- 
lateral cordotomy the upper cervical level (E., solid black, Case MST2). Coarse 
stipple indicates degenerating fibres passage; fine stipple, areas terminal degenera- 
tion. The density symbols used the illustrations represents only relative picture 
the histological findings. attempt has been made approximate 
ratio between the two quantities. 

For abbreviations see 724. 
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Fic. 3.—Distribution degeneration the pons and mesencephalon 
(Case MST2). 
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Fic. 4.—Spinothalamic distribution (Case MST2). 
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following thoracic cordotomy. Terminal degeneration profuse the 
nucleus ventralis all cases cervical cordotomy; and 
only slightly less massive following thoracic cordotomy. 


Sections through the motor nucleus the trigeminus (text-fig. 2A) 
present picture further depletion the remaining medial spino- 
reticular components their dorsolateral shift through the lateral 
pontine tegmentum. several cases some terminal degeneration was 
seen the lateral regions the nucleus pontis centralis oralis, but 
all cases the main field terminal degeneration was limited the sub- 
nucleus ventralis and the more orally situated subnucleus dorsalis the 
complex (text-fig. 3c). the region the superior olivary 
complex the medial spino-reticular system appears separated from the 
fasciculus anterolateralis. This due the fact that the majority 
the fibres the fasciculus are larger and that they present more 
compact arrangement than those the more medial, diffuse, fine- 
fibred spinoreticular system. the cases high cervical cordotomy 
this separation more apparent than real but the thoracic cases true 
division can observed showing medial and superficial systems separated 
zone normal fibres. abrupt dorsal displacement the 
A-L fascicular fibres this level further separates the fasciculus from 
the medially coursing spinoreticular system. the largest these 
fibres that describes the classical dorsal curve Gower’s spinocerebellar 
tract around the ventral aspect the root the trigeminus. 


the monkey the nucleus processus griseum pontis tegmentosus 
lateralis appears beneath the root the trigeminus 
nucleus the fasciculus, coextensive with the oral half the 
superior olive. Profuse pericellular degeneration collaterals from 
the fasciculus anterolateralis infiltrates this nucleus and delineates 
from non-terminal pontine areas. Sagittal and horizontal sections 
through this nucleus best show its relationship with the fasciculus, 
and the thoracic cases with their more distinct topographic dichotomy 
systems this relationship especially clear (e.g. text-figs. and 6). 


Passing dorsalward, caudolateral the lateral lemniscus, the fasciculus 
anterolateralis becomes flattened rostrocaudal direction the 
lateral aspect the ponto-mesencephalic isthmus. This flattening 
due the dorsocaudal reflection the larger fibred Gowers’ tract 
toward the cerebellum, while the medium and small fibre elements course 
dorsorostrally around the lateral side the dorsal nucleus the lateral 
lemniscus. the oral pole the nucleus these fibres become 
inextricably mixed with the medial spinoreticular fibres which 
ascend the medial aspect the lateral lemniscus. from this 
level cranially, the ascending spinal fibres are grouped into single 
pathway. 
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Terminations the Mesencephalon 

Transverse sections levels through the trochlear nucleus show the 
remaining ascending degenerating spinal fibres limited zone ventro- 
lateral the inferior collicular nucleus (text-fig. From this zone 
fibres course two directions around the inferior collicular nucleus 
enter the nucleus intercollicularis. fibres course dorsomedially 
beneath the oral pole the inferior collicular nucleus and penetrate the 
stratum album profundum the superior colliculus. Fine fibres, 
collaterals, from this group terminate the subnucleus lateralis the 
central grey substance the mid-brain, while others following this 
course re-cross the stratum album profundum and terminate the 
region the nucleus intercollicularis. the majority fibres 
this nucleus pass around the rostrolateral aspect the inferior collicular 
nucleus before turning dorso-medially and terminating. 
number fibres following similar course continue terminate 
throughout superior collicular levels the strata grisea profundum and 
medium. Some these fibres decussate the contralateral side through 
the tectal commissure before terminating. Other than modetate 
decrease the number degenerating fibres passage and some 
decrease the density terminal degeneration the tectal areas cited, 
significant differences from the above description were observed 
cases thoracic cordotomy. 

the rostral mesencephalon the classical spinothalamic fibres ascend 
somewhat dispersed, small, loose fascicles narrow zone medial 
the brachium the inferior colliculus. these levels the fascicles 
the medial lemniscus just caudal their entrance into the 
diencephalon. Beginning the caudal pole the medial geniculate 
body increasing numbers fine fibres are seen coursing dorsomedially 
away from the classical spinothalamic fascicles. These fine fibres appear 
originate right-angles the classical fascicles throughout the 
levels the meso-diencephalic junction, suggesting origin 
from the classical spinothalamic fibres. These fibres filter diffusely 
through the pretectal region and into the internal medullary lamina 
(text-figs. and fig. 6). 

their course through the upper mesencephalon the fascicles the 
classical pathway appear issue few terminal fibres. The first signs 
significant terminal arborization appear following their entrance into 
the pars magnocellularis the nucleus geniculatus medialis. Terminal 
degeneration could demonstrated this nucleus all cases (text- 
fig. 4c). The position the lesser amount terminal degeneration 
observed cases thoracic cordotomy suggestive topical arrange- 
ment within this connexion. 

Terminations the Thalamus 
(a) The nucleus ventralis thalami.—At the caudal pole the nucleus 
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ventralis posterior lateralis (VPL) the degenerating fibres the classical 
spinothalamic fascicles divide into number equal-sized daughter 
fibres. Small fascicles fibres course dorsolaterally around the medial 
geniculate body and penetrate the pars caudalis the VPL complex. 
While some these degenerating fibres course through the medial 
region the pars caudalis, the majority curve laterally and spread out 
the inner surface the external medullary lamina. Dense 
pericellular terminal degeneration are seen within the pars caudalis 
relation the more medially coursing degenerating fibres, while 
those fibres which course rostrally through the ventrolateral region the 
VPL complex send their preterminal ramifications dorsomedially into 
the more lateral and oral regions the VPL before terminating 
similar pericellular (text-fig. and A). the cases cervical 
cordotomy such disseminated islands highly concentrated pericellular 
terminal degeneration were seen throughout the VPL complex. Evidence 
confirming earlier reports topical order distribution the spino- 
thalamic fibres within the VPL was demonstrated all cases thoracic 
cordotomy. such cases consistent patterns were observed the 
limitation terminal bursts the lateral and oral regions the nucleus. 


The Intralaminar Thalamic Nuclei 


The fine degenerating fibres issuing dorsomedially from the classical 
spino-thalamic fascicles throughout upper mesencephalic levels, course 
diffusely through the regio pretectalis and nucleus limitans and enter the 
internal medullary lamina. These fibres sweep over the dorsal and 
medial aspects the nucleus centrum medianum and begin terminating 
among clusters medium-sized and small cells throughout caudal 
paralaminar zone. This zone comprises the dorsolateral region the 
parafascicular nucleus, and ventral and lateral regions the pars denso- 
cellularis and pars multiformis the dorsomedial nucleus outlined 
Olszewski the level the oral pole the (text-fig. 
4a) increasing amounts terminal degeneration are seen throughout the 
nucleus centralis lateralis. this nucleus, and the more caudal 
paralaminar zone, the extremely fine degenerating preterminal fibres are 
restricted the clusters medium-sized and small cells (Plate CX, fig. 13). 


addition the similarity cell sizes, common rostrocaudal 
polarity was consistently observed these cells. Terminal 
degeneration continues appear within the limits the nucleus centralis 
lateralis rostral the level appearance the nucleus paracentralis 
which partially overlaps the central lateral subdivision. terminal 
degeneration, however, could demonstrated relation the large 
multipolar cells included Olszewski the nucleus centralis lateralis, 
the more reticulated nucleus paracentralis the dorsally situated 
nucleus centralis superior lateralis any the material examined. 
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Fic. 5.—Sagittal series (Case illustrating the course ascending fibre 
degeneration case high cervical cordotomy (C, solid black). The medial 
spinoreticular system seen medial sagittal section. more lateral section 
showing mainly the more peripherally coursing spinal pathway. Terminal 
degeneration the nucleus ventralis posterior lateralis lies lateral the planes shown 
these figures. 


C. : 


Fic. 6.—Horizontal composite (Case MST14) with section through the dorsal 
thalamus and mid-brain superimposed upon section through the pons and medulla 
oblongata. solid black) level Th. The pars superficialis the fasciculus 
anterolateralis passes out the plane section the level the lateral reticular 
nucleus (LR) but reappears the level the nucleus processus tegmentosus lateralis 
(Ptl). The spinothalamic component appears just lateral the nucleus 
the inferior colliculus (Ci) and again, terminating the oral regions the 
nucleus ventralis posterior lateralis thalami. 
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contrast the findings the VPL reported above, evidence 
discrete somatotopic distribution spinothalamic fibres could seen 
the non-specific thalamic nuclei. 


DISCUSSION 

The results the present study amply confirm previous descriptions 
massive and widespread connexions the anterolateral spinal 
funiculus with the brain-stem reticular formation. addition these 
numerous spinobulbar fibres, the anterolateral fasciculus contains axons 
which terminate the superior colliculus and central grey substance 
the midbrain, and other fibres certain intralaminar thalamic cell 
groups while only relatively small number anterolateral fascicular 
fibres represent the classical spinothalamic tract which distributes directly 
the posterior part the ventral thalamic nucleus. 


Spinobulbar Fibre Systems 

(1) connexions.—In view the recent interest the 
brain-stem reticular formation appears appropriate point out that 
spinoreticular connexions had been observed before the turn the 
century. This may illustrated short historical survey the 
concept the central pain pathway. 


Grundbiindel” system relatively fine fibres the anterolateral 
funiculus which, after perforating the remnants the ventral horn, 
partially occupied the interolivary fibre layer and the area dorsal the 
inferior olive. Bechterew made the important observation that the 
fibres this system gradually decreased number from the level the 
hypoglossal nucleus rostralward the level the mesencephalic nucleus 
centralis superior, while more lateral fibre system, the “rest the 
lateral funiculus,” traversed and distributed fibres the lateral reticular 
nucleus the medulla oblongata. description 
Bechterew (1900) subdivided the “‘ground bundle” into medial and 
lateral part, and stated that most the medial fibres disappeared the 
level the réticulé calotte” (i.e. the papillioform nucleus 
the present nomenclature), but that some continued into the 
central supérieur externe,” probably identical the nucleus pontis oralis. 

the classical spinothalamic studies cited the introduction, 
interesting note that many investigators recognized similar medial 
fibres ascending through the medullary reticular formation. Quensel 
(1898), for example, his original description the spinothalamic 
tract, observed such fibres but stated that could not decide whether 
they actually terminated the reticular formation. However, experi- 
mental studies the rabbit (Kohnstamm, 1900a) the cat (Probst, 1902), 
and the dog and monkey (May, 1906), all confirmed the existence 
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spinal fibres which followed medial trajectory and appeared terminate 
the bulbar reticular formation. The term was 
first applied these connexions Batten and Holmes (1913) who 
reported that these fibres, distinct from those distributing the inferior 
olive and the lateral reticular nucleus, terminated gradually throughout 
the ventral part the bulbar reticular formation far rostralward 
the “nucleus centralis inferior” (probably corresponding the nuclei 
raphe pallidus and gigantocellularis pars oralis the current terminology). 

the light the modern concepts the reticular formation 
appears particularly interesting reappraise the early notion 
“centrum receptorium within the bulbar reticular formation. 
This comprehensive term was introduced Kohnstamm (Kohnstamm 
and Quensel, indicate bulbar reticular cell groups receiving 
spinal afferents. the basis previous experimental observations 
the rabbit (1899, and Kohnstamm included the centrum 
Jakobsohn’s magnocellular nuclei well group nuclei which 
labelled the These nuclei lie dorsal the superior 
olive and medial the lateral lemniscus, and from comparison 
Kohnstamm’s figures appear homologous with the subcceruleus 
complex the present study. study retrograde cell reactions 
the bulbar reticular formation following high mesencephalic lesions, 
Kohnstamm and Quensel (1908a, also demonstrated the existence 
ascending pathways connecting the with higher 
brain levels. was Quensel (1907), however, who first suggested the 
reticulothalamic projections possible link multineuronal pathway 
for the conduction sensations pain and temperature higher levels 
the brain. the absence adequate physiological information 
the reticular formation, Kohnstamm and Quensel’s advanced notions 
did not receive proper recognitior 1910, however, Petrén noted that 
relatively few spinal fibres reached the thalamus, and this basis 
suggested that considering the central pathway for pain attention 
should paid Kohnstamm and Quensel’s concept. 

The comparative-anatomical studies Edinger, Koelliker, and the 
Herricks all furnished evidence extensive spinoreticular connexions 
lower vertebrates. The existence homologous systems mammals, 
although reported such outstanding authorities 
Koelliker and Cajal, was not generally accepted. appears that their 
relegation obscurity for over half century has been due the strong 
emphasis placed clinicians and physiologists upon the phylogenetically 
newer, classical spinal pathways. For example, Henneberg (1901), 
argument similar that Gowers (1886), concluded that since 
decerebellation did not allay pain, then the more rostrally terminating 
spinothalamic fibres must identified with the pain tract. The cumula- 
tive evidence for localization the central pain pathway the 
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anterolateral fasciculus led Spiller 1905 advocate its surgical 
interruption cases intractable pain and although many investigators 
realized that only few ascending spinal fibers reached the thalamus, 
appears that the pain tract became identified with the spinothalamic 
component, and the latter synonymous with the anterolateral fasciculus. 
recently 1932 Foerster and Gagel recognized the fact that the bulk 
the anterolateral fasciculus ended the bulbar reticular formation, 
but even then the interest aroused such observations was overshadowed 
the continued emphasis clinical circles upon specific, well-defined 
pathways the thalamus. 


Recent findings regard spinobulbar pathways: pointed out 
above, evidence spinal pathways distributing the medullary and 
pontine reticular formation was first obtained normal-anatomical 
studies, and later confirmed experimental studies with the Marchi 
technique (Probst, 1902; May, 1906; Morin al., 1951, and others). 
However, more precise data regarding the terminal distribution such 
spinobulbar pathways could obtained only the use the silver 
techniques recently modified for experimental purposes. Following 
Brodal’s (1949) report lateral reticular connexions, Johnson (1954) 
demonstrated that large number medial reticular nuclei also received 
ascending spinal fibres. These connexions, demonstrated the cat, 
were soon confirmed the monkey (Mehler 1956) and throughout 
the mammalian scale (Mehler, 1957; Rossi and Brodal, 1957; Bowsher, 
1957). the whole, the descriptions given these authors satisfac- 
torily agree with each other. Such differences have appeared these 
descriptions may more apparent than real, and matter 
semantics” more than significant disagreement observation. For 
example, Johnson’s report appears omit number reticular nuclei 
which were included subsequent workers the distribution area 
spinal fibres. comparison terminologies, however, shows that 
Johnson and the Oslo group have projected their observations upon 
Meessen and Olszewski’s (1949) description the reticular formation 
the rabbit, while most others have followed the nomenclature used 
Olszewski and Baxter’s (1954) analysis the 
Olszewski (1954), however, has pointed out the remarkable similarity 
and constant spatial relationship reticular cell groups the rabbit, 
cat, monkey and man, and Brodal (1957) has qualified many the homo- 
logies between the two cytoarchitectonic studies. From comparative- 
anatomical study ascending spinal pathways (Mehler, 1957, 
published more detail elsewhere) the homologous nature the bulbar 
reticular nuclei receiving spinal afferents became quite apparent all 
the mammalian species examined. From such comparative observations 
becomes increasingly clear that little any actual disagreement exists 
between Johnson’s report and, for instance, the present findings which, 
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order avoid unnecessary repetition the foregoing description, are 
here presented tabulated form (Table overleaf). 

interesting question whether the spinal connexions the 
bulbar reticular formation are established collaterals from 
pherally situated spinothalamic pathway, independent medial 
spinoreticular pathway wide distribution. The progressive decrease 
the number ascending spinal fibres their course through the 
medulla and pons, decrease noted Bechterew and others, appears 
especially affect the finer medial fibres, fact that itself suggests the 
existence true medial spinoreticular fibre contingent the antero- 
lateral fasciculus. Additional evidence favour this assumption, 
although likewise circumstantial, can derived from the observation 
that low mammalian forms, such the opossum and rat, the classical 
spinothalamic pathway very small size, yet the spinoreticular 
connexion seems less massive than the primates where the 
classical pathway increases some tenfold over that observed the 
lower forms. the other hand, collateral branches axons the 
“long sensory pathways” have been demonstrated the Golgi technique 
arborizing the medullary reticular formation (Koelliker, 1896; Cajal, 
1909). Thus, evidence exists that both direct spino-reticular fibres and 
collaterals the “long sensory pathways” supply the bulbar reticular 
formation. Rossi and Brodal (1957) have pointed out that this certainly 
the case for the ventral and lateral reticular nuclei and have stated their 
agreement with the present authors and others that the gigantocellular 
reticular predominantly supplied medially coursing 
spinoreticular system fibres. 


Spino-olivary Connexions 

Historically the question spinal connexions with the inferior olive 
closely related the problem spinoreticular fibre systems. The 
connexions with the inferior olives, however, were further obscured 
the lack information the polarity conduction the fibres involved. 
Helweg (1887) first reported these connexions descending but 1894 
Bechterew voiced objection Helweg’s interpretation and stated that 
the fibres question were ascending fibres from the cervical region that 
ended the caudal part the inferior olive. These conflicting reports 
gave rise two schools thought, one supporting Helweg’s descending 
and the other accepting Bechterew’s 
findings ascending des Halsmarks.” 

1903 Dydynski followed fibres from spinal lesion the fifth 
thoracic level which corresponded Bechterew’s Olivenbiindel both 
course and termination. Comparable Marchi studies cordotomized 
rabbits (Kohnstamm, 1900a), dogs and monkeys (May, 1906) also 
demonstrated the spinal origin these connexions, but due the 
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inherent inability the Marchi technique stain the finer preterminal 
and terminal fibres these connexions many contradictory interpreta- 
tions are found the literature concerning the terminal field these 
ascending anterior funicular fibres. 

respect the afferent connexions the inferior olive, was Cajal 
(1909) who first recognized that there were regional differences the 
afferent connexions this apparently homogenous nucleus. means 
the Golgi technique, Cajal demonstrated the mouse that the spino- 
olivary connexions were collaterals medially ascending anterolateral 
funicular fibres, collaterals which terminated restricted areas the 
inferior olive. Cajal suggested that these areas might homologous 
the human dorsal accessory olivary nucleus and pars ventrolateralis 
the main olive. With the exception Gerebtzoff’s (1939b) report 
spino-paleo-olivary connexions the rabbit, few authors recognized 
the brilliance Cajal’s observations until the problem was re-examined 
improved silver techniques. 

Using the Glees’ technique Brodal, Walberg, and Blackstad (1950) 
extended Cajal’s findings the cat and confirmed the regional distribu- 
tion these connexions. Nauta-Gygax studies the cat (Johnson, 
1954; Nauta and Kuypers, 1958) and monkey (Mehler 1956) have 
all confirmed Cajal’s findings. While not specifically mentioned 
initial report comparative anatomical findings (Mehler, 1957), com- 
parable spino-olivary connexions have been observed all the sub- 
primate species examined. the species examined the degenerating 
terminal field selectively delimits homologous paleo-olivary regions from 
the phylogenetically more recent olivary subdivisions. 

the basis the present study can add little the description 
Brodal have confirmed the monkey that the 
majority the fibres which terminate the paleo-olivary structures 
have their cells origin levels below the seventh thoracic segment 
and that their course through the upper thoracic and cervical levels 
essentially restricted the ipsilateral anterior funiculus. 

should pointed out, however, that premature application these 
findings man should avoided. While comparable spino-olivary 
connexions have been observed several species monkeys, well 
representative series sub-primate species, have been unable 
demonstrate satisfactorily homologous connexions either the chim- 
panzee man following complete anterolateral cordotomy. 

While early Marchi studies clinical cases (Dydynski, 1903; Collier 
and Buzzard, 1903; Goldstein, 1910; Batten and Holmes, 1913) report 
such findings, Bowsher’s (1957) omission mention these connexions 
may stem from similar negative findings cases human cordotomy. 
the present time one can only speculate whether this incongruity 
represents actual interspecific difference the spinal connexions with 
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the inferior olivary complex, failure current histological proce- 
dures impregnate this extremely fine terminal plexus the higher 
primates and man. 

Spinal fibres terminating the facial nucleus were reported early 
1896 Koelliker and were demonstrated experimentally Wallenberg 
1899. Excepting Cajal (1909) few investigators have promulgated 
such connexion. Johnson (1954) reported spinofacial 
the cat but Rossi and Brodal (1957) were unable confirm this finding 
their Glees’ preparations. initial report the present findings 
(Mehler 1956) confirmed the existence these terminations 
the monkey and indicated that they were restricted the ventral 
subdivisions the facial nucleus. Accordingly, the present description 
merely reconfirms our initial conclusions, with the qualification that these 
fibres were demonstrated the medial, ventromedial and intermediate 
subdivisions the facial nucleus. should emphasized, however, 
that all cases which significant amount terminal degeneration 
could demonstrated these subdivisions, the cordotomy had been 
performed the level the third cervical segment rostral this level. 


view the circumstance that the spinal nucleus the trigeminus 
extends for variable distance into the cervical cord, the possibility must 
considered that the fibres question are reality secondary 
trigemino-facial fibres. However, control lesions the tuberculum 
cinereum were found cause terminal degeneration essentially restricted 
the ipsilateral dorsal and lateral subdivisions the facial nucleus. 
Hence, seems logical conclude that spinofacial fibres independent 
trigemino-facial connexions indeed Again, mention must 
made findings sub-primates. the opossum and rat the density 
these spinal connexions homologus facial sub-nuclei much greater 
than that observed the monkey even the cat. have interpreted 
such findings further illustrations interspecific changes synap- 
tology. Whereas the previously mentioned spino-olivary findings suggest 
complete withdrawal connexion, the phylogenetic changes the 
density the spinofacial connexions portends other evolutionary 
changes. Similarly the discrepancies the observations the distri- 
bution and densities spinovestibular connexions (text-fig. 2B) men- 
tioned Pompeiano and Brodal (1957) are clearly another example 
interspecific changes synaptology. For the present, suffice say 
that have found evidence constant phylogenetic decrease both 


interesting compare the differential mode topical distribution spinal and 
trigeminal afferents the facial nucleus with the efferent connexions the various 
subdivisions the nucleus. According Papez (1927) the dorsal and lateral cell 
groups innervate facial muscles supplied the sensory trigeminus, while the ventral 
and medial groups control phylogenetically old muscle units which receive their 
afferent supply essentially over the cervical plexus (Huber, 1930). 
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the and the density spinovestibular well spinofacial 
connexions. 

(c) Spinal pathways the mesencephalon: The studies Clark (1936) 
primates, addition demonstrating fibres running dorsomedially 
from the anterolateral fasciculus into the medullary reticular formation, 
confirmed Mott’s (1892; 1895) demonstration spino-tectal fibres the 
monkey. Clark also appears have been the first report spinal fibres 
entering the central grey mid-brain substance. Both spino-tectal and 
spino-annular fibres were observed the present study, they had been 
Johnson’s (1954) original investigation with the Nauta-Gygax tech- 
nique. Mehler (1957) has demonstrated the phyletic constancy such 
spino-mesencephalic connexions throughout the mammalian scale, and 
Bowsher (1957) and Mehler and Nauta (unpublished) have confirmed 
these findings man. 

the present study the monkey, termination spinal fibres the 
mesencephalon was consistently found restricted the deep layers 
the superior colliculus and the subnucleus lateralis the central 
grey substance. The existence spinal connexions with 
parabigeminal area (apparently synonymous with the rostral part the 
nucleus the lateral lemniscus) reported Monakow (1905) and 
more recently Giok (1956) could not confirmed; nor could termina- 
tion such fibres the nuclei pedunculopontinus, paralemniscalis, 
interstitialis Cajal (Bowsher, 1957) identified. 

The functional significance the spino-tectal and spino-annular 
connexions the present time matter conjecture, but 
interesting note that behavioral reactions suggesting pain sensations 
have been observed during stimulation the central grey substance 
(Magoun al., 1937) and tectum mesencephali (Spiegel 1954) 
the cat. These observations, considered together with the primordial 
nature the central grey substance and tectum mesencephali, suggest 
the existence other possible links multisynaptic pathway for the 
transmission nociceptive impulses. interest recall this 
connexion Bechterew’s (1900) conception the central grey substance 
the network conduction pathways, region which 
exhibits multiple afferent and efferent connexions. Kohnstamm and 
Quensel (1908a) suggested the tectum the final link their 
neuronal pain pathway” the cortex and Walker (1943) concluded that 
might the lowest level integration for pain. For discussion 
some the known connexions the central grey substance the reader 
referred recent study the hippocampal projection pathways 
(Nauta, 1958). 

The course the classical spinothalamic tract through the upper 
mesencephalon medial the brachium the inferior colliculus was 
first demonstrated Quensel (1898). slight distance farther rostrally, 
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the tract found just medial the medial geniculate body. this 
transitional level between the mid-brain and diencephalon terminal 
degeneration was consistently observed the so-called medial nucleus 
pars magnocellularis the medial geniculate body. This cell group, 
according Clark (1932), cannot regarded part the medial 
geniculate body, conclusion borne out the experiments Rose al. 
(1949, 1952) which demonstrated the non-auditory nature the pars 
magnocellularis. termination part the spinothalamic tract 
the pars magnocellularis was already observed Lewandowsky (1904) 
who labelled the cell group and interpreted 
outlying caudal part the ventral thalamic nucleus. According 
the present findings, this connexion the spinothalamic tract rather 
strikingly bilateral, which may explain Whitlock and Perl’s (1957) recent 
observations bilateral soma discharges this nucleus following 
unilateral cutaneous stimulation preparation with only one ante- 
rolateral fasciculus intact. 


(2) Spinothalamic spinothalamic component the 
anterolateral fasciculus exhibits dual distribution the thalamus: the 
major portion the pathway terminates the nucleus ventralis posterior 
lateralis classically described, while more diffuse, fine fibred com- 
ponent distributes certain intralaminar cell groups. 


(a) Spinal afferents the principal 
demonstration spinal fibres terminating externus 
was amplied the extensive primate studies Clark (1936) and Walker 
(1937, 1938). Corroborating earlier reports the course spino- 
tectal and spinothalamic fibres, these authors demonstrated that the 
spinothalamic fibres terminated somatotopic fashion within the 
nucleus ventralis posterior lateralis (VPL). Such somatotopic distribu- 
tion ascending fibre systems within the ventral nuclei the thalamus, 
originally suggested Wallenberg (1905), was conclusively confirmed 
Chang and Ruch (1947). The findings the present study are 
agreement with the topical patterns demonstrated these workers. 


The classical spinothalamic fibres which enter the pars caudalis the 
nucleus ventralis posterior lateralis have been described this report 
dividing into number equal-sized daughter fibres. While such 
division may only represent the first axon bifurcation complicated 
terminal arborization, significant increase the number degenerating 
fibres can demonstrated comparing the number fibres seen 
caudal levels the thalamus with the relatively few observed 
mesencephalic levels. Fibres separating from the small fascicles the 
daughter fibres can traced into cell clusters varying size. The pro- 
fuse but sharply delimited pericellular degeneration (Plate CX, 
figs. and 14) appear correspond localization with such cellular 
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clusters. important note, however, that while similar distribution 
patterns have been observed the chimpanzee (Mehler, 1957) and man 
(Mehler and Nauta, unpublished), comparable mode parceliated 
distribution could demonstrated study the spinothalamic tract 
the cat other subprimates (Mehler, 1957; Nauta and Kuypers, 1958). 

Studies the thalamus (Rioch, 1929; Clark, 1932) have shown that 
subdivision the thalamus essentially the result the development 
and elaboration fibre systems relating the thalamus the cerebral 
mantle. Similarly, the cell clusters observed this study may only 
due further elaboration such factors the primates and man. The 
complicated nature the terminal arborization the lemniscal systems 
terminating the ventral nuclei the thalamus was first reported 
Cajal (1911). 1932 Clark noted that the terminal fibres the fillet 
systems that enter the ventral thalamic nuclei tend separate constituent 
cell groups into clusters and give the whole nucleus characteristic 
lobulated appearance. contrast, should noted that following 
lesions the posterior funicular nuclei (Mehler and Nauta, unpublished) 
the degenerating medial lemniscus, ascending without evidence any 
termination caudal the thalamus, was observed enter the VPL 
masse and terminate profusely throughout the nucleus terminal 
pattern which contrasts sharply with the parcellated mode distribution 
described for the spinothalamic fibres. this basis appears justifiable 
suggest that the classical spinothalamic tract overlaps distribution 
with the medial lemniscus fashion, i.e. such manner 
that only disseminated cell clusters the nucleus ventralis posterior 
lateralis are contacted both spinothalamic and medial lemniscal 
fibres. Such arrangement introduces the possibility that functionally 
the classical spinothalamic component only contributes quality 
sharpness, quality, the appreciation certain noxious 
stimuli, while the more diffuse ascending spinal fibres, which relay 
levels caudal the thalamus the more medially situated non- 
specific intralaminar cell groups, may represent the pathway for more 
slowly conducting, component the pain system. 

(b) Spinal afferents the intralaminar thalamic nuclei: Most authors 
recognize four cell groups the thalamic grey intercalated the internal 
medullary lamina: nucleus centralis medius, 
nucleus centralis lateralis, and caudal complex composed the centre 
median Luys and the nucleus parafascicularis. must emphasized, 
however, that the accuracy with which the intralaminar distribution 
spinal and other afferents can described limited the circumstance 
that the intralaminar cell groups have rather vague boundaries with each 
other well with the surrounding specific thalamic nuclei. Due 
the disparity opinion among authors subdividing these groups and, 
order avoid introducing still another terminology, have attempted 
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adhere closely possible the scheme subdivision followed 
Olszewski (1952). According the present findings the intralaminar 
distribution spinal fibres limited region encompassing certain 
small-celled clusters contained within the dorsolateral region 
Olszewski’s borders the nucleus parafascicularis, the pars densocellularis 

and multiformis the nucleus medialis dorsalis, and throughout the 

nucleus centralis These nuclei, delimited the termination 

spinal projections, are the same para-, and intralaminar nuclei that 

have observed receive medially terminating brachium conjunctivum 

fibres following lesions the dentate and interpositus nuclei primates 

(Mehler, Vernier and Nauta, 1958). Such distribution essentially limits 

the significant terminal field these spinal fibres the nucleus centralis 

lateralis and number caudally located cytologically similar cell 

clusters probably belonging this nucleus. order clarify further 

the terminal nuclei question, should noted that none the 

cases examined could terminal degeneration demonstrated the 

other intralaminar nuclear subdivisions recognized Olszewski; viz. 

centralis superior lateralis, paracentralis the caudally situated 

centre median-parafascicular complex. 

The problem termination spinal fibres the centre median- 
parafascicular complex merits special attention. Spinal fibres terminating 
the nucleus centrum medianum the cat have been reported 
Anderson and Berry (1956) but were expressly denied other investigators 
studying the monkey, including the present authors. For 
understanding the problem, necessary digress for moment 
and deal briefly with the cytoarchitectonic aspect the region question. 

appears the present authors that the region interpreted 
median” atlases the cat’s diencephalon (Ingram 1932; 
Jimenez-Castellanos, 1949; Jasper and Ajmone-Marsan, 1954) includes 
for the most part the parafascicular nucleus and the clusters cells 
representing the caudal elements the nucleus centralis lateralis. 
Apart from these cell groups, the region question also encompasses 
small, almost acellular ventrolateral area which appears approximate 
the region originally indicated Rioch (1931) the possible homo- 
logue the centre median carnivores. 

the primates and man, however, this ventrolateral region 
smaller, pale-staining cells which disproportionately increases size 
comparison the more dorsomedially situated paralaminar cell 
groups. Olszewski (1952) includes most these latter cell 


(1952) describes three sizes cells within the region has delimited 
the nucleus centralis lateralis: viz. large. medium and small. points out that these 
small cells often form separate clusters” and that both the pars densocellularis 
and multiformis the nucleus medialis dorsalis celis similar the small-celled com- 
ponent the nucleus centralis lateralis are found. 
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within his paralaminar subdivisions the dorsomedial nucleus while 
the Vogts (1941) and others have included them within the limits the 
centrum medianum. Dekaban (1953) has followed the Vogts this 
respect but pointed out that the dorsal and medial borders the 
are the most indefinite and therefore were only 
tentatively indicated. 

Following the nomenclature Dekaban, Bowsher (1957) reported 
spinal fibres terminating the nucleus centrum medianum man. 
the absence more specific localization the terminal degeneration 
Bowsher’s report, appears possible that his findings were restricted 
the dorsomedial zone which has been interpreted the present 
authors nuclear area containing cell clusters belonging the central 
lateral nucleus rather than the centre median proper. 

Such interpretation also consistent with the topical distribution 
intralaminar thalamostriate fibres shown Simma (1951) and 
Powell (1952) man and recently confirmed the monkey Powell 
and Cowan (1956). These studies have shown that the more acellular 
ventrolateral region projects the putamen while the 
larger-celled paralaminar region and the nucleus centralis lateralis are 
essentially related the caudate nucleus. 

Spino-parafascicular connexions reported Gerebtzoff (1939) the 
rabbit could not confirmed Getz (1952) employing the Glees 
technique. our initial report the monkey (Mehler 1956) 
such connexions were not indicated but their existence was intimated 
generalized summary phylogenetic intralaminar connexions (Mehler, 
apparent contradiction stems from several factors. 
the opossum and rat the nucleus which the apparent cytological homo- 
logue the nucleus parafascicularis (nomenclature: Bodian, 1939, 
opossum; Gurdjian, 1927, rat) does receive some degenerating fibres 
following high cervical cordotomy. However, was previously pointed 
out, the nucleus caudalis the trigeminus lower forms consistently 
extends for variable distances into the upper cervical segments the 
spinal cord, and possible involvement this nucleus high hemi- 
sections the spinal cord could 
fibres. Gerebtzoff (1939a) concluded that this was essentially the case 
the rabbit, and other authors (Papez and Rundles, 1937; Johnson, 
1951) have reported trigemino-parafascicular connexions other species. 
the other hand, the undifferentiated nature the sub-primate 
complex, with its inclusion some central lateral cell clusters 
its periphery, within its borders, could the contributing 
factor the identification spinal connexions this region. These 
problems are under examination and will dealt with subsequent 
publication comparative neuro-anatomical findings. 

The possibility spinal fibres by-passing the complex and 
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coursing into the region the internal medullary lamina was first 
recognized Clark (1936). was Clark’s impression that the terminal 
field these fibres was restricted the more rostral intralaminar nuclei, 
especially the nucleus centralis lateralis. Getz similarly precluded the 
termination spinal fibres the CM-Pf nuclei and noted that the 
greatest density degenerating boutons was observed the nucleus 
centralis lateralis and nucleus paracentralis (nomenclature: Jimenez- 
Castellanos, 1949). Correcting for atlas semantics, our findings are 
essentially compatible with these observations and have been confirmed 
Nauta and Kuypers (1958) the cat. However, reports terminal 
degeneration within the nucleus reticularis thalami (Getz, 1952; Bowsher, 
1957) and nucleus lateralis, pars posterior (Getz, 1952), previously denied 
(Mehler, 1957), still cannot confirmed the monkey. While 
occasional fibre passage has been observed the periphery the 
external medullary lamina evidence terminal degeneration could 
demonstrated the nuclei intercalated its superficial layers. 

The fibres terminating the intralaminar nuclei have been interpreted 
the long ascending pathways (i.e. spinothalamic). 
However, studies ascending spinal pathways 
(Anderson and Berry, 1956; Mehler, 1957; Nauta and Kuypers, 1958) 
there evidence that the fibres terminating the intralaminar nuclei 
follow medial tegmental trajectory independent the classical spino- 
thalamic component. view these findings and disproportionate 
densities terminal degeneration observed the principal and intra- 
laminar thalamic nuclei, have tentatively interpreted these medially 
terminating fibres the primate homologous the phylogenetically 
older system even though they become lateralized and inextricably mixed 
with the classical pathway their course through the mesencephalon. 


The Problem Fibres Decussating Above Spinal Levels 


Spinal fibres decussating medullary levels illustrated fig. 
the present study were previously reported Long (1914) and Clark 
(1936). Although occasional decussating fibre seen lower levels 
the medulla the majority these fibres have been observed the 
level the pars oralis the gigantocellular nucleus. Due the 
presence some contralaterally ascending fibres all the cases 
examined, was impossible determine whether these fibres terminated 
the contralateral pars oralis continued rostrally higher levels. 

Similarly, other decussating fibres spinal origin have consistently 
been observed the tectal and posterior commissures. The fibres cross- 
ing the posterior commissure (Probst, 1900; Chang and Ruch, 1947) 
however, deserve some further qualification since their place the over-all 
pattern ascending degeneration appears have escaped recognition. 
These fibres, readily demonstrated Marchi frontal sections, have 
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tended overemphasize the significance the posterior commissure 
path for decussating spinal fibres. According the present findings, 
rather than forming independent decussation, the fibres question 
merely represent the most rostral elements number widely dis- 
tributed decussating fibres which for the most part utilize the tectal 
commissures their course rostralward. These rostrally decussating 
fibres appear terminate contralateral intralaminar nuclei, con- 
clusion supported the following observations. cases unilateral 
cordotomy, almost equal amounts terminal degeneration were observed 
the intralaminar nuclei both sides; while the ventral nuclei, 
far the greatest density terminal degeneration was always found the 
ipsilateral side. These differences are readily explained the fact that 
the contralateral intralaminar nuclei, addition receiving some 
contralaterally ascending fibres, also receive number these rostrally 
decussating fibres. 
SUMMARY AND CONCLUSIONS 

Fibres ascending the anterior and lateral funiculi the Simian 
spinal cord, particularly such contained the deeper funicular strata 
(at cervical levels approximately corresponding Bechterew’s ground 
bundles), distribute massively various cell groups the medullary 
and pontine reticular formation (cf. Table Other, more superficially 
situated spinal fibres connect with the lateral region the mesencephalic 
central grey matter and with the deeper layers the superior colliculus. 
The relatively small remaining group spinal fibres dichotomously 
terminates certain para- and intralaminar nuclei and the nucleus 
ventralis posterior lateralis the thalamus. From concurrent studies 
lower mammalian forms (Mehler, 1957) appears that the spinal fibres 
para- and intralaminar distribution represent paleo-spinothalamic 
pathway distinct from the remaining classical 
terminating the ventral nucleus. Some phylogenetic trends the 
distribution spinal fibres certain bulbar cell groups (e.g. facial 
motor nucleus, vestibular nuclei) have been discussed. 
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LEGENDS FOR PLATES 
PLATE 


Fic. 7.—Spino-olivary connexions: Note profuse pericellular axon degeneration 
the dorsal accessory olive and absence degenerating fibres the adjacent part 
the main olive (lower left part picture). 


Fic. 8.—Spinoreticular connexions: Arrows indicate some the fine degenerating 
axons contact with dendrites large cell the nucleus giganto-cellularis. 


Fic. 9.—Composite photographs from horizontal section showing ascending 
degeneration the anterolateral fasciculus the operated side. Note degenerating 
medial offsets, possibly collaterals longitudinal axons, distributing the ventral 
grey column. 

Fic. 10.—Contral.: Composite photographs comparable fields from the contra- 
lateral, unoperated side. 


PLATE 


Fic. 11.—Spino-intralaminar connexions: Fine axon degeneration the nucleus 
centralis lateralis thalami. This photograph was taken from the section used the 
preparation fig. The field shown approximately corresponds the area outlined 
the section shown fig. (X, indicates blood vessel appearing both 
sections). 

Fic. 12.—Nucleus ventralis posterior lateralis showing one the disseminated 
clusters pericellular degeneration following ipsilateral cordotomy Th. (same 
case figs. and 11). 

Fic. 13.—Cresylecht violet section (horizontal) adjacent the silver-stained section 
shown fig. 11. Note the large, medium-sized and small cells the region the 
nucleus centralis lateralis (see footnote! 744). 


Fic. 14.—High-power view pericellular degeneration the nucleus ventralis 
posterior lateralis. 
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THE EFFECTS INTRACRANIAL DISEASE 
GASTRIC SECRETION 


DAVIS 


Neurological Research Unit, Medical Research Council, The National Hospital, 
Queen Square, London, 


CENTRAL nervous system control gastric secretion has been suggested 
the occurrence acute gastric ulcers and erosions association with 
variety intracranial disease processes (Rokitansky, 
addition, other pathological reports have supported this neurogenic 
concept peptic ulceration, which also has been observed following 
destructive lesions made the central nervous system experimental 
animals (French 1952) and after neurosurgical operations man 
(Cushing, 1932; Davis, Wetzel and Davis, 1955). The hypothalamus 
has been implicated the specific area responsible for the pathological 
changes which occur the upper alimentary tract, although there still 
considerable speculation about this thesis (Globus and Ralston, 1951). 
The morphological difference between the acute peptic ulcer found with 
lesions the central nervous system and the chronic peptic ulcer has been 
well documented (Doig and Shafar, 1956). With the exception com- 
munication Dragstedt (1942), there have been physiological studies 
secretory activity the stomach patients with disease the central 
nervous system. reports having examined patients within two 
three days their operations for cerebral tumour. These patients had 
large quantities gastric juice with high free acid content, unlike the 
gastric juice obtained from patients having had abdominal operations. 
is, therefore, the purpose this paper present data gastric acidity 
and peptic activity individuals with intracranial tumours before and 
after surgical intervention and patients with intracranial disease 
processes other than tumours, together with observations series 
healthy subjects, controls. 


METHODS 


Three groups subjects were selected for study. The first consisted patients 
with intracranial tumours varying locations, who were studied prior and after 
surgery. second category patients included individuals with intracranial disease 
exclusive tumour. control series healthy males and females were studied 
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the same manner the patients. The protocol single patient included 
emphasize certain details. The ages varied from years; selection has been 
made with regard The patients and immediate member the family have 
been questioned concerning previous history gastro-intestinal tract disease, and 
all patients have had barium meal determine the presence absence ceso- 
phageal, gastric duodenal pathology. With the exception the post-operative 
tumour group, each patient has been intubated after ten-hour fast, and gastric 
samples have been obtained hourly intervals. Because has been observed that 
most upper alimentary tract hemorrhages and perforations occur the six-day 
period following neurosurgical operation (Davis, Wetzel and Davis, 1955), each 
patient the post-operative tumour series has been intubated after ten-hour fast 
the first six consecutive post-operative days. test meals mg. sub- 
cutaneously) have been performed each patient. Free and total acid determinations, 
well values have been made the test meal specimens, and readings have 
been obtained the fasting specimens. Stools have been examined for occult blood 
all cases. 

Gastric peptic activity has been measured uropepsinogen determinations. 
Twenty-four hour collections were obtained all patients for period ten days 
more, and were preserved under toluene and then stored the refrigerator. Uro- 
pepsinogen stable room temperature for forty-eight hours and for fourteen 
days (Eastcott, Fawcett and Rob, 1953). Care was exercised ensure complete 
collections all instances, and this often presented problems the post-operative 
period, requiring careful attention and observation nursing personnel. The urine 
collections were continued for the first two weeks following surgery, and with few 
exceptions, this was managed without catheterization. Uropepsinogen determinations 
were made following the method Hirschowitz (1953), modification the peptic 
assay method Anson and Mirsky (1932). The uropepsinogen unit (PU/hr.) was 
defined “that amount enzyme which will release the spectrophotometric equiv- 
alent m.eq. 1-tyrosine from 0-1 gramme hemoglobin substrate 
ten minute digestion 37° (Hirschowitz, 1953). 


RESULTS 

Gastric acidity. Fig. shows the control series the average sec- 
retory value the low range compared that the groups 
with intracranial disease. The mean value these fasting specimens 
the control group was 4-6 and the standard error difference 
between the control series and group intracranial tumours prior 
surgery was SED 0-06, which was significant statistical difference. 
The maximal average response histamine the control group and 
patients with intracranial lesions other than tumours was the same, ml. 
0-1 NaOH. The average peak response the intracranial tumour 
group was ml. 0-1 NaOH, and the standard error difference 
between the latter group and the control series was which was 
significant. recording the response the different groups histamine, 
ml. NaOH have been used rather than pH, order clarify 
the smaller changes acidity the more acid ranges (fig. 2). 

The patients with intracranial disease other than tumours showed 
fasting secretory values intermediate between the controls and the tumours 
(fig. The mean values the determinations for this series was 
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Control 

Intracranial disease 

Preoperative intracranial tumour 
Postoperative intracranial tumour 


Hours 


Fic. and gastric secretion the different patients 


Values for preoperative and postoperative tumours are shown. 
Control 
Intracranial disease 


Days 


Preoperative intracranial tumour 


Time after histamine 
Fic. 2.—Response histamine various groups patients. 
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The gastric secretory response this group patients 
histamine was approximately the same the control group (fig. 2). 

Fig. reveals that fasting gastric secretion patients with intra- 
cranial tumours prior surgery has high acid distribution with mean 
Following neurosurgical operation, fasting specimens 
taken succeeding post-operative days showed return the 
values the range normal (fig. 1B). This preoperative group demon- 
strated the most marked response histamine, might expected from 
the fasting secretory values. 

Uropepsinogen excretion. Table shows that the mean daily uropep- 
sinogen excretion was 28+9 PU/hr., the control group, and 
obvious that there difference between the control study 
and the other test groups. the series individuals with intracranial 
disease other than tumours, the mean uropepsinogen values for the 
subjects over ten-day period was PU/hr. The standard error 
difference between this group and the intracranial tumours was not 
statistically significant. Table shows that the pre-operative and post- 


VARIOUS GROUPS STUDIED 
No. Intracranial Tumour before Tumour after 
patients Control disease operation operation 


operative uropepsinogen values the tumour group approximated one 
another and did not differ statistically. 

The uropepsinogen response histamine injection set forth Table 
and compares the uropepsinogen excretion the day histamine 
administration with the mean daily output uropepsinogen. seen 
that the control series the none these figures being statistic- 
ally significant. 


TABLE EFFECT HISTAMINE THE UROPEPSINOGEN LEVELS 
Mean Uropepsinogen Excretion 


Before histamine histamine 
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Post-operative hemorrhage. the series intracranial tumours 
there was one instance massive post-operative gastric hemorrhage. 
The hematemesis approximated 1,500 ml., and the episode was forty- 
eight hours duration. The average the gastric specimens pre- 
operatively was and post-operatively 5-0, which corresponded the 
means the entire pre-operative and post-operative groups. The pre- 
operative uropepsinogen average was PU/hr., 
was PU/hr., which also fell within the range the variation for the 
tumour series. This appears the first case post-operative neuro- 
surgical hemorrhage investigated along these lines. 


DISCUSSION 


Interdigestive gastric secretion largely under vagal control. There is, 
however, information fasting secretion patients with intracranial 
disease, which interesting fact view the wide literature the 
control the central nervous system gastric activity and its probable 
role the pathogenesis peptic ulcer. The mean fasting specimens 
gastric juice obtained the patients with intracranial tumour differed 
significant degree from the control series, and the resting acid values 
approximated those commonly seen peptic ulcer. The patients with 
tumours had evidence increased intracranial pressure the form 
which subsided following operation. The observed alkaline 
shift range during the first post-operative days indicated that 
there might concomitant change the control vagal activity, 
assuming all local factors the stomach remained constant. The re- 
sponse histamine the tumour group was similar that seen 
peptic ulcer. 

Cushing (1932) suggested that the acute cesophageal, gastric and 
duodenal ulcerations seen the course neurological disease and 
following neurosurgical operation was related direct involvement 
the anterior region the hypothalamus the disease process. 
possible that raised intracranial pressure may first have stimulating 
effect the hypothalamus, which could account for the changes the 
gastric acidity. The gastric acidity then returns the normal range when 
the increased intracranial tension relieved. 

More recently, the subject stress ulcer has received attention the 
literature (Dragstedt al., 1956; Gray al., 1953; Fletcher and Harkins, 
1954). The term includes acute gastric and duodenal ulcers following 
fractures, burns, severe trauma soft tissues and the acute gastric lesions 
which follow neurosurgical operations. The proposed mechanisms for 
stress ulcer has been follows, stimulation the hypothalamus, which 
turn causes release adrenocortical hormones, with subsequent 
increase gastric acidity. The failure find increase gastric 
acidity following neurosurgical operation would indicate that the stress 
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was not sufficient magnitude set this series physiological events 
motion, and that some other mechanism may operation. 

The occurrence one subject massive post-operative gastric 
hemorrhage provided unusual opportunity study gastric physiology. 
Yet this patient the pre-operative and post-operative values acid and 
peptic function fell within the same range the mean for the tumour 
group. Post-operative ulceration the gastric mucosa has been usually 
postulated being associated with increased gastric acidity, but this 
could not substantiated this instance. 

has been shown that the pepsinogen, the gastric enzymatic precursor 
pepsin, absorbed directly the blood stream and excreted such 
the urine (Bucher, 1947). Measurement uropepsinogen ade- 
quate and accurate guide gastric peptic activity, well indicator 
the relative integrity the gastric mucosa. Although there are 
values with which compare the results obtained this series intra- 
cranial tumours, there was significant difference statistically from the 
controls. The mean uropepsinogen values obtained the pre-operative 
tumour group failed correlate with the increased acid activity, and there 
was increase the period following surgery. Reports (Sircus, 1954) 
have commented increased uropepsinogen excretion following the 
stress operation, the proposed mechanism increase being through 
the adrenal cortex, but these findings were not confirmed this series 
patients. Uropepsinogen values prior to, during and following massive 
gastric hemorrhage were actually decreased from the mean the tumour 


group, and within the range normal for the control group. This 
again would suggest that some other mechanism than hyperacidity and 
increased peptic activity was responsible for acute gastric ulceration. 


SUMMARY 


Gastric acidity and peptic activity was studied group normal 
controls, patients with intracranial tumours before and following surgery 
and series individuals with intracranial disease other than tumours. 
Gastric acidity was increased significant degree the patients with 
intracranial tumours prior operation, which returned the normal 
range following surgery. There was significant difference uropep- 
sinogen excretion between any the groups studied. instance 
massive gastric hemorrhage was investigated prior to, during and follow- 
ing the hemorrhage, and values for gastric acidity and uropepsinogen 
activity fell within the range normal for the control series. sug- 
gested that some other mechanism than hyperacidity may account for 
acute upper alimentary tract ulceration during the course neurological 
disease, and following neurosurgical operation. 


wish thank the medical staff The National Hospital for providing 
with the facilities for carrying out this study. 
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Epilepsy and Related Disorders. GORDON LENNOX, with the collaboration 
Price 96s. 

William Gordon Lennox was missionary all his life, though returned from China 
more than thirty years ago. had seen the social problem facing the epileptic 
child there, and his dismay found the same problems and the same prejudices 
Boston. attacked this problem the same spirit had the needs the under- 
privileged Chinese, with personal affection for the subject and personal aggression 
the evil-doer. him epilepsy was not just scientifically sociologically fascinating 
study; was unguardedly personified him into enemy, conquered every 
possible means. 

For the second half his life Lennox had other interest outside his compact 
family. used his professional time, his leisure, his income and his friends this 
end and these volumes are dedicated his wife and written with his daughter Margaret. 
The basic sciences were used against epilepsy search for deviations biological 
constants the epileptic population find factual basis for further studies. 
gently and systematically each variable was excluded, but with disappointing results 
since the mechanisms are too complex reveal one constant deficit. Then 
with electroencephalography Lennox last had one deviation from the norm which 
seemed unique epilepsy—the spike-and-wave discharge described 1935 with 
Gibbs and Halliwell Davis. was this field from the first moment and shared the 
first excitements but did not become immersed it; was not greatly con- 
cerned for its physiological implications, but made use and his colleague’s 
enthusiasm further the cause. They worked the laboratory; was always the 
background, organizing, encouraging, influencing others, and above all writing. 
confesses more than two hundred papers the subject; some statistically factual, 
many relating clinical laboratory data, others sociological historical and many 
others missionary their emotions and form, exhorting people, institutions and States 
help the epileptic and integrate him into society. 

William Lennox, who died few days before these volumes appeared was epilepsy 
ubiquitous, and these posthumous volumes reflect the many sides the man 
handled the many-sided problem. made one great discovery, nor did his 
researches have logical evolutionary trend fascinating others, but his work had 
effect upon the epileptic population far beyond its cold scientific importance. also 
affected every worker, laboratory, institution and organization concerned with its 
welfare. 

The scientifically sophisticated may find parts these volumes naive when they are 
looking for all the well-documented facts epilepsy contained them, for Lennox 
thought first the person, not the disease, and coloured his logic with his kindly drive. 
This shown his statement: genetics epilepsy must have long range and 
intensive study, but already plain that for the good both patients and 
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many patients should not procreate. Posterity will look with amused amazement and 
scorn the present laws Massachusetts and Connecticut that imprison doctor who 
exercises his God-given conscience and common sense toward the prevention death, 
disease, poverty, and unhappiness providing certain his patients with the means 
for Here mixture sociology, religion, politics and personal 
attitude unexpectedly appearing scientific setting. also statement past 
prejudices, present problems and future hopes, characteristic the man. 


DENIS WILLIAMS. 


NEUROGENESIS 


Studies Vertebrate Neurogenesis. RAMON CAJAL. Translated Lloyd 
Guth. 1960. Pp. 432. Blackwell Scientific Publications Ltd. Price 8s. Od. 


1929 number Cajal’s earlier papers dealing with neurogenic studies were 
collected together, translated into French and published one volume. collec- 
tion papers was compiled group scientists from Montevideo tribute 
the great neurohistologist. 

The present publication English translation the 1929 collection made 
Dr. Lloyd Guth. 

many Ramon Cajal’s observations have passed into the general corpus 
our knowledge that accept them axiomatic, and never query the basis for this 
knowledge. fascinating presented now with many his original observa- 
tions, and impressed, all his work, his scrupulous attention detail. 

The studies include the development nerve fibres, their migration and regeneration, 
the development peripheral nerve terminations, the development the cells and 
fibres the cord, the cerebellum, the cortex and retina. 

are reminded the theories, now almost forgotten, which were once upheld 
distinguished authorities. The clinical view monogenetic nerve development 
propounded His and Kupffer and supported Cajal longer queried. 
refutation the Catenary theory therefore mainly academic interest now, and the 
same applies other outmoded theories which discusses and rejects. 

Dr. Lloyd Guth has mentioned that the style the French text, most already 
translation from the Spanish the original papers, often awkward. Anyone who 
has read the French text knows how true this is. Dr. Guth commended for 
having maintained reasonable standard readability, without losing altogether the 
individuality the original style. The general production the book pleasing, and 
the reproduction illustrations excellent. Certain minor defects the printing are 
therefore regrettable. Words which are divided between two lines have the hyphenation 
unorthodox and illogical places such per-inuclear, epithe-liofibrils. There are 
certain errors such the transposition entire lines print. These are features 
production which are mildly irritating otherwise beautiful publication. 

This book valued those who are deeply interested neurohistology. 


MARION SMITH. 


NEUROPSYCHOLOGY 

The Neuropsychology Lashley. Selected papers LASHLEY edited FRANK 

BEACH, DONALD HEBB, CLIFFORD MORGAN and 1960. 

Pp. 564, illustrated. McGraw Hill Book Co. Inc. New York, Toronto and 
London. Price 74s. 

The title this book itself challenge which Lashley would thoroughly have 

approved. was his belief that bridge could built between the mind and the brain 

and its construction remained the major interest his scientific life. His selected 
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papers, here gathered together, range from observations the nesting activities the 
noddy and sooty terns cerebral organization and behaviour. Lashley’s thought was 
both wide and deep, and both features are well illustrated, for example, his discus- 
from his specialized contributions neurophysiology and psychology his critical and 
philosophical thought impinges clinical neurology many points. was 
facile reductionist who hoped mental states terms physiology. 
the contrary, wrote: today more fundamental science than neuro- 
physiology. this mean that the latter offers few principles which may 
predict define the normal organization behavior, whereas the study psycho- 
logical processes furnishes mass factual material which the laws nervous 
action behaviour must conform.” 


RUSSELL BRAIN. 


MECHANICAL BEHAVIOUR 


Design for Brain. Second edition, revised. Ross M.A., M.D., 
D.P.M. 1960. Pp. ix+286. London: Chapman and Hall. Price 42s. 


Publication the second edition this pioneering work provides occasion for 
little stock-taking the field neural modelmaking. 1948, when Ashby’s 
was first its only popular competitor was the digital com- 
puter, whose all-or-none impulses had gained for unenviable reputation 
prototype brain organization. its concentration more basic problems 
self-organization, terms totally different idiom, for Brain” probably 
did much anything redress the balance speculation that wildly speculative 
period. 

Concerned almost entirely with adaptive behaviour the non-symbolic level, the 
book essentially extended essay the scope and limitations 
which become adaptive process internal variation, 
and natural selection successful patterns, interconnection. Its relevance the 
brain not over-stressed (except perhaps the title), and the bulk the work may 
even more interest theorists mechanism than neurologists. result 
its main contentions have not seriously others the period, and this new 
edition shows changes mainly expository technique. Curiously enough, although the 
latter two-thirds have been “‘completely there total absence 
reference other work since 1953, and number references the 1952 edition have 
been deleted. The resulting impression that the writer does him 
less than justice. 

How, then, does the book fit into the present-day picture? Has its formalistic treat- 
ment and elaborate terminology sufficient offer the neurologist justify his learning 
the Ashby language? its insistent preference for 
models (confessed explicitly 270) dictated physiological realism mathe- 
matical metaphysical convenience? judge most current writing brain 
organization these would seem still open questions. 

the one hand the ever-growing evidence spontaneous activity the C.N.S. 
seems render inapplicable many the theorems derived for 
systems; and although theorems predicting “‘progression equilibrium” (e.g. 
chapters and are qualitatively plausible, are offered way deciding 
realistic cases whether convergence can reached even the lifetime the organism. 
the other, the majority current problems theoretical psycho-physiology and 
neurology arise level which seems dificult make contact with the very general 
ideas this book. 


Ross (1948) for Brain,” Electronic Engineering, 20, 379. 
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say this not however condemn it, but rather suggest that its true value may 
easily fail appreciated. For this essentially essay, not the actual, but 
the possible. Ashby’s concern, pressed with the zeal missionary, demonstrate 
some possibilities mechanical systems which many people (at least 1952) would 
have classed irreducibly non-mechanical. For the speculative reader, whether 
mechanician neurologist, has cleared valuable area ground, within which 
our imagination can legitimately play search more specific hypotheses. 


PSYCHIATRY 


American Handbook Psychiatry. ARIETI. 
Pp. 2098. New York: Basic Books, Inc. £10 10s. 


These two weighty volumes provide comprehensive picture the state psychi- 
atry the United States today. There are 100 chapters, 111 authors, divided into 
fifteen parts. The more important these parts are, volume the Psychoneuroses, 
the Functional Psychoses, Psychopathic Conditions, Psychosomatic Medicine, Child- 
hood and Adolescence, volume Organic Conditions and three parts the 
Therapies. noteworthy feature the extent the space given outlying territories, 
with whole parts allotted communication theory, relations with basic sciences, 
general management, and legal and administrative psychiatry. good deal the 
value the work, for the European reader, lies the convenience being able get 
information about these aspects the American scene. 

This important work will misjudged assessed its didactic value. Read 
the student textbook, could only confusing and misleading. The editor 
has not regarded his duty supply internally consistent body knowledge 
about the theory and practice psychiatry. His own statement that “represents 
serious effort the part 111 authors present the developments, concepts, trends, 
techniques, problems, and prospects psychiatry today... Some these approaches 
converge and integrate; others diverge The orientation the editor was 
towards completeness, representation all points The book should 
therefore read some sort encyclopedia, and articles the same main sub- 
jects should not expected have any community whatever approach what 
the separate authors take acceptable teaching. The level information and 
presentation the individual articles varies very much. Some are excellent (e.g. the 
first all, the history American Psychiatry); some are solid and factual though 
greatly hampered insufficient allowance space (as are the chapters organic 
psychiatry); some are largely verbiage; and some are simple and naive seem 
directed sophomore public. What, for instance, are make the state- 
ment: “In general, the basic formula depression Depression 
combination sadness and pessimism the silly versification which find 
printed general, entirely excessive contribution made psycho- 
analytic theorists. Thus there are eight pages psychotherapy schizophrenia, and 
not single figure show that has any practical value. The extent which many 
contributors produce their testimonials Freud strikes the British reader very 
seriously behind the times. hoped that coming years American thought 
will become emancipated from this thraldom. 

The chief defects the work are those non-selective editing, which mere 
symptom the besetting weakness modern American psychiatry—a good-natured 
unwillingness criticize the work one’s colleague, however valueless. The virtues 
are individual ones, and found number contributions real worth. 


ELIOT 


Two vols. 1959. 
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PAIN 


Pain. 1959. Amsterdam: Elsevier Publishing Co. 
Price 42s. 6d. 


This book the latest and one the most valuable the many works devoted 
pain little point comparing the contributions those who have 
studied these problems; may said them Blake said poets, greatest 

The particular merits this book are the following: useful correlation the mean- 
ings different workers when they employ the same terms, such hyperalgesia, 
hyperesthesia, hyperpathia; the excellent descriptions painful states with true 
account the disturbances sensation that may accompany the detailed clinical 
observation these disturbances has permitted the author conceive comprehensive 
theory that accounts for very many phenomena the realm painful states and their 
attempted relief surgery; and the presentation the findings Weddell the 
histology and fibre spectra nerves taken from patients with post-herpetic neuralgia. 


NATHAN. 


COLLAGEN DISORDERS 


Enfermedades del neurologicas, musculares psiquiatricas. 
Gustavo Chief the Neurological Clinic the University 
Buenos Aires. 1960. Pp. 173, with prologue and preface. Buenos Aires: Lopez 
Libreros Editores Price not stated. 


This book written entirely Spanish and therefore presents considerable language 
problems for the English reader. The author has chapters scleroderma, dermato- 
myositis, polymyositis, disseminated lupus erythematosus, and polyarteritis nodosa. 
Each chapter ends with extensive bibliography. Forty-six cases from the practice 


the author are described the book, some each chapter. The book carefully 
planned, well laid out, and full detail. provides most useful survey for the 
manifestations collagen diseases which the neurologist likely meet, and perhaps 


miss. WILLIAM GOODDY. 


GLIOBLASTOMA 


Das Glioblastoma Multiforme. Pathologie, Klinik, Diagnostik und Therapie. 
Referate und Vortrage zum Thema Juli 24-26, 1958. 
Hersg. und 112 Abb. IV, 234 Seiten. 1959. (Acta 
Neurochirurgica/Supplementum VI.) 16s. Vorzugspreis fiir Abonnenten 
der und fiir 4s. 


This important volume consists twenty-eight communications and reports some 
the discussions which occupied the attention the German and Swiss Societies 
Neurosurgeons throughout three day meeting Ziirich July 1958. 

Professor Ziilch contributes morphological and biological study these tumours 
while Professor Krayenbiihl gives valuable clinical and topographical analysis 422 
cases. The importance the stromal element these growths stressed Professor 
Perria and his colleagues. Professors and Walter discuss angiographical 
diagnosis and analyse the results treatment 2,611 cases. Angiography also 
considered Drs. Grote and Schiefer and radiotherapy Cocchi. 

Many aspects the natural history, diagnosis and treatment these tumours, are 
collected together these pages and not possible here refer more than few 
them which are likely general interest. however, should made 
Dr. Barcia-Goyanes’s contribution palencephalography; while Dr. Mundinger 


and Dr. Entzian refer respectively the use diagnosis and albumen tagged 
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with value phosphanidic ester nitrogen mustard and Bayer A139 
cytostatic agents discussed respectively Dr. Simon and Professor Kersting. 
Finally, Dr. Hemmer his brief report the chemistry cases brain tumour 
refers his findings cases glioblastoma. 

MCMENEMEY. 


AGING 


The Process Aging the Nervous System. JAMES BURREIN, HENRY IMUS 
and WILLIAM WINDLE. 1959. Pp. 217. Oxford: Blackwell Scientific Publica- 
tions. Price 52s. 6d. 


This monograph, the fifth series publications symposia neuro-anatomical 
sciences, contains the proceedings conference held Bethesda early 1957, the 
objectives which were, Dr. Pierce Bailey’s words, summarize the present state 
our knowledge the process and seek new guide lines and approaches for future 
research The book contains some eleven prepared contributions interspersed 
with the proceedings four impromptu discussions. The former cover such subjects 
structural changes—including those revealed electron microscopy, histochemistry, 
biochemistry, cerebral circulation and metabolism relation neural aging, 
together with more clinical contributions dealing with alterations sensation, per- 
ception and behaviour and certain disease entities. impromptu discussions are 
reported almost verbatim, contemporary fashion which rather apt induce 
certain tedium the reader. They are sometimes difficult follow closely. 

Collectively these contributions contain much that will interest both the scientist and 
the clinician, and their usefulness enhanced the provision fairly extensive list 
references. can said that the conference attained its objective know- 
substituted for the passage quoted above from Dr. Pierce 
Bailey’s foreword, for almost every page, the contributors stress how really little 


yet known about the subject. PATERSON. 


SHORTER NOTICES 


Neurology. Fifth Edition. Roy M.D., PAUL Bucy, M.D. and 
ADOLPH 1368. Oxford: Blackwell. 16s. 


Diseases the Nervous System Infancy, Childhood and Adolescence. Fourth 
Edition. FRANK Pp. 1548. Oxford: Blackwell. £11 16s. 


New editions these two well-known and widely accepted texts have appeared 
Grinker’s book general neurology has been entirely re-written, 
largely Dr. Bucy and Dr. has been re-set, and effect new textbook. 
necessity good deal larger than previously, and inclusive practical 
textbook can be. easy read because the excellent publication well 
because the clear literary style, and even has use for the extreme specialist because 
its attention minute detail, and the breadth its bibliography. Some measure 
this found the fact that the list references occupies 130 pages. these days 
expensive texts value for money. 

Dr. Ford’s textbook neurology has been used many people 
reference work for general neurology, inclusive it, and well 
has the advantage that each small section complete itself with few well-chosen 
references giving access the literature. The practical value this book all 
neurologists, though largely the credit Dr. Ford, also reflects the view held 
many that pediatric neurology being one aspect general neurology 
difficult discuss adequately without reference the whole. This fact does not 
all detract from the work, however. The form the book, though modified 
advancing knowledge and accumulated facts, the same former editions. 
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Diencefalul. SAGER. Bucharest. Price not stated. 


This monograph account the ontogenetic development the diencephalon 
with detailed account its anatomy, and what known its physiology man. 
written the Rumanian language, but there are concise summaries Russian and 
English. seems accurately integrate the major advances knowledge taking 
place the United States America particularly, with those Russia and Rumania. 
includes cogent criticism Penfield’s views the role the structures the 
centrencephalic region the maintenance the conscious state. 


Seizure Atlas. MARSAN and ABRAHAM. Supp. E.E.G. and 
Clin. Neurophysiol. Montreal. 1960. Pp. 215. price stated. 


Serial stills close-up cinematography patients having different kinds fits are 
related simultaneous electroencephalographic traces. The portion the electro- 
encephalogram relating each photograph indicated each series nearly 
fifty detailed plates. each there are about dozen stills. The illustrates 
Dr. Ajmone Marsan’s technique instrumentally facilitated bedside observation, 
but the bewildering sequence small photographs can have little constructive useful- 
ness others. 


Principles General physico-chemical background. 1959. 
Pp. 520. Price 55s. Vol. Physiology. 1960. Pp. 848. Price 85s. 


These volumes are formally the fifth Edition the Principles General Physiology 
Bayliss, which have all used. Sir William’s son has elaborated varia- 
tion theme his father, which though maintaining the theme new and 
important work. The essence the change inherent the title. The principles 
physiology have changed much the half century since the first edition 
appeared that they use new language well new idiom—the idiom ultimately 
minute physics and chemistry. The clinical worker may find impossible keep 
with the Journal Physiology and follow much the but can use 
the essays upon such subjects the phenomena interfaces” get some 
idea what physiologists are doing today. The professional physiologist will 
probably use the the same way refresh his memory fields other 
than his own narrow one. will have the same pleasure the lucid authoritative 
text, have the same guilt skipping, and notice that the text flows easily because 
not littered with references and parentheses. 


The Cranial Nerves: Anatomy and Anatomico Clinical Correlations. BRODAL, 
M.D. Pp. Oxford: Blackwell. Price 15s. 


The English edition this little paperback ideal pocket book for the post- 
graduate student neurology.. Like his other writings, reflects the author’s mastery 
neuroanatomy and English. 


160. London: Elsevier. Price 46s. 


After statistical study the occurrence complications vaccination Holland, 
the author presents evidence the influence constitution and especially the 
presence dysraphicus” the post-vaccinal encephalitis. The 
thesis, ably presented the monograph, will have many critics among virologists, 
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Cerebral Dominance and Its Relation Psychological Function. ZANGWILL. 
Henderson Trust Lectures, No. 19. Pp. 31, illustrations. Edinburgh and 
London: Oliver and Boyd. Price 10s. 6d. 

These lectures are useful review work which Professor Zangwill has himself 
made considerable contributions. speech and handedness reaches the con- 
clusion, now apparently well established, that the cerebral basis speech naturally 
left-handed individual not simply the mirror image that right-hander. the 
other hand left-handed people the dominant hemisphere more often the left than 
the right, and handedness has bearing upon the prognosis aphasia. The second 
half the book discusses the also well-authenticated relationship between specific 
backwardness reading and spelling and anomalies cerebral dominance. 
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